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Tired of Earth? Get 





into space! 


We're the self-proclaimed 
ultimate of the generalist 
species: our warm blood, big 
brains and omnivorous diet 
enable us to thrive almost 
anywhere around the globe 
with little more than the 
clothes on our back, a few 

| WW rudimentary tools, plus 

the capacity to communicate and work with one 
another effectively. 

The surface of planet Earth is our oyster, but 
this changes rapidly just a few tens of kilometres 
above our heads. Once you reach the border of 
space at 100 kilometres (62 miles) altitude, the 
very basic stuff of human life that we take for 
granted - such as moving around, eating and 
breathing - only become possible and practicable 
with the advanced technology of today. The 
necessity of these systems and habitats we've 
developed for human survival beyond the 
Karman Line doesn't change across the known 
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universe. This puts into perspective exactly what 
a thin sliver of amicrocosm we really exist in. 

Over on page 54, we've interviewed one of TV's 
favourite astrophysicists, Neil deGrasse Tyson, 
and producer Ann Druyan on one of the biggest 
Space shows in history, Cosmos: A Personal 
Voyage. As the protégé of the late Carl Sagan anda 
regular speaker at science conferences, Tyson is 
the natural choice to become the host of Cosmos: 
A Spacetime Odyssey. While Druyan's dream of 
inspiring the world to not take planet Earth for 
granted via the new show sounds ambitious, its 
high-profile international broadcast can only raise 
awareness of science, as well as the importance 
of space exploration and expansion in the light of 
growing global environmental issues. 


Ben Biggs 
Editor 
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ae a The Lagoon Nebula, also known as Messier 8 or anced (eVE} oe 
2 ee % cloud of stars and stellar material 5,000 Teneo from us. It's 
just over 100 light years wide and appears as a pale- eat Se =< 
. to the human eye through binoquilars, but pink in time-exposure 
astrophotography. Maclaren Key of star formation was 
. a ti -” snapped in visible light Tos the ESO's VLT Survey Telescope, as a 
"is ce _ part of a larger survey that has covered a aya aMe mtn Milky EWA 
so ‘ Observers frequently pick out objects of interest that crop up during 
as * surveys of this Me Keel tal Telly: to broader dstronomical research. 
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Remote-control 
telescope 


The large 8.2-metre (27-foot) Unit telescopes of the ESO's VLT 
are usually operated individually and are infrequently applied 
together as an astronomical interferometer. However, the VLT's 
four 1.8-metre (six-foot) Auxiliary Telescopes (one of which can 
be seen in this photo) are dedicated to this kind of observation. 
The telescope, its electronics and cooling systems are housed 
by a protective enclosure and the whole thing c 


around ont 
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Sunset on Mars 


The Curiosity rover took this dramatic panorama using its Mastcam 
just as the Sun set on the Martian horizon. The landscape of the 3.8 
billion-year-old Gale crater stretches out for kilometres either side of 
the rover and in the background of the image, the 5.5-kilometre-high 
(3.4-mile-high) Mount Sharp rises in a characteristic peak at the centre 
of a 154-kilometre (96-mile) crater. While a year on Mars is nearly twice 
that of the Earth, its day is just 40 minutes longer than our own. 


What lurks 
beneath 


This is the moon Enceladus, the 
sixth-largest satellite of Saturn, 
shown in false-colour and shot 

in ultraviolet, visible and infrared 
wavelengths by the Cassini 
spacecraft at a distance of 11,100 to 
61,300 kilometres (6,900 to 38,090 
miles) away. The blue lines on its 
Tear le=M am taemerele lta eae) ae 
running north are fractures in its icy 
crust, probably caused by a change 
in the rotation of the moon that 
flattened its shape. Recently NASA 
declared Enceladus as the most likely 
place in the solar system to find 
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Pressure point 


In a space walk that lasted a total of six hours and 31 
minutes, astronauts Mike Fossum and Ron Garan changed 
a failed pump module on the International Space Station 
over to the cargo bay of space shuttle Atlantis, using the 
Station's robotic system. Flight engineer Fossum is shown 
here waiting for the shuttle to dock to the pressurised 
mating adapter. Expedition 28 had the honour of working 
with the final mission in NASA‘s Space Shuttle program. 


© NASA; ESO 
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The migration of the gas 
giants caused the asteroids - 
now in the Asteroid Belt - to 
eR er CeMbl OMI CeB EN Coce lane 
snow globe 


Early Solar 


SANE 
an asteroid ° 
snow globe 


Probing into the Asteroid Belt has revealed a chaotic 
early Solar System where the gas giants wreak havoc 


The asteroids found littering the Belt 


between the orbits of Mars and Jupiter 


have a secret: the Solar System isn't 
the neat and orderly place that we 
once believed. In its history, the gas 
giants have been darting towards and 
away from the Sun, tossing chunks of 
space rock far and wide. 

“The idea today is that asteroids 
didn't form only in the Asteroid 
Belt, but rather all over the Solar 
System at the same time the planets 
were forming, as close to the Sun as 
Mercury and as far out as Neptune,” 
explains Francesca DeMeo of the 
Harvard-Smithsonian Center for 
Astrophysics, who led the study. 
“When the giant planets migrated, 
they created this ‘snow globe’ where 
PUI plows inci coles mace eeMenNACKoelt 
locations were mixed up.” 


1¥2 


Employing the Sloan Digital 
Sky Survey (SDSS), DeMeo and her 
colleague Benoit Carry, an astronomer 
at Paris Observatory, found proof of 
the gas giants at play in the earlier 
Solar System. “If there had been 
no planetary migration, then the 
asteroids would likely be clearly 
grouped by type,” adds DeMeo. 
“Asteroids that formed closer to the 
Sun would look a certain way and 
asteroids that formed father away 
would still be farther off and we'd 
be able to see that trend. When an 
asteroid has a close encounter with a 
planet, it can change the inclination of 
the orbit, pushing it out of the plane 
of the planets. It would sort of be like 
3D pinball.” 

By examining the compositions 
of thousands of asteroids, the duo 





found they were incredibly diverse 
compared with what we previously 
realised. This in turn has brought 
about interesting implications for 
Earth's history. 

“We think the Earth formed dry, 
too dry for oceans and lots of water 
even though it exists in the habitable 
zone, [the distance from the Sun 
where liquid water is able to exist], 
today,” DeMeo remarks to All About 
Space. “If our own Earth required 
water delivery by asteroids, then 
that may mean this needs to happen 
for other Earth-like worlds as well. 
This could possibly mean that even 
if we find an Earth-like planet in 
the habitable zone around its star, 
Vas Its) Ce) MOYLMa TAIN BHU MOA T-TMCNYACICoINBT 
might be important for that planet to 
contain organic life.” 


“When an 
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planet, it can 
change the 
inclination 
of the orbit... 
sort of like 
3D pinball” 
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Biggest UK et, 
show to be sponsored by 
All About Space 


An excellent event for astronomers, the second 
International Astronomy Show is to be held in early June 


bigger show.” Stirland adds that the 
introduction of a new lecture theatre 
along with a venue extension will 
improve the show's facilities. “[There'll 
be] groundbreaking features not seen 
before in UK shows, including free 


Thompson, Pete Lawrence and Lucie 
workshops on the exhibition floor,” he 
adds. “Since the event is taking place 


“Were looking forward tO this on a Saturday and Sunday it's perfect 
Yedal S bigger and better show to bring the whole family along.” 





All About Space will be sponsoring 
the second International Astronomy 
Show (IAS) at the Warwickshire 
Exhibition Centre on 7 and 8 June. 
The show will include talks by Mark 


Green and will be supported by up to 
60 telescope vendors. 

Martin Stirland, co-organiser of 
the International Astronomy Show, 
says: “Myself and Graham [Smith] 
are looking forward to this year's 


World of Animals issue 
four on sale now! 


From the slovenly sloths to 
predatory polar bears, World 

of Animals is a new monthly 
magazine from the makers of 
How It Works and All About 
History that takes a unique look at 
wonderful wildlife. 

With breathtaking photography, 
captivating stories and stunning 
illustrations, each issue offers the 
safari of a lifetime that takes you 
on a fact-filled tour of all Earth's Facebook, www.facebook.com/ 
creatures great and small. worldofanimalsmag, to let the 

In the fourth instalment you can team know what you'd love to see 
meet the world’s biggest animals, in future issues. @ 


discover the modern-day dinosaurs 
that evolution forgot and unveil 
engrossing facts about penguins. 
World of Animals is found 
along with digital editions for 
iOS and Android on www. 
greatdigitalmags.com and is 
accompanied by a new companion 
site: www.animalanswers. 
co.uk. Be sure to connect on 
Twitter @WorldAnimalsMag and 





Find out 50 fascinating facts about penguins 
and uncover the endangered panda 
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Moons not 
needed for life 


Earth's Moon helps stabilise 

our planet's spin, but now Jack 
Lissauer of NASA's Ames Research 
Center says that large moons 
aren't vital. “If the Earth didn't 
have a moon, its obliquity would 
vary... But it’s nowhere near as bad 
as [initially] predicted,” he says. 


JWST passes a 
milestone 


NASA‘s next flagship mission 
passed a major milestone when 
the last three of its 18 gold-plated 
mirrors were delivered for fixing 
onto the craft. The £5 billion ($8.8 
billion) infrared spacecraft, with 
seven-times the power of Hubble, 
is aimed for a 2018 launch. 


@ 
North Star is 
getting brighter 
After dimming over the last few 
decades, the North Star seems to 
be getting brighter according to 
Scott Engle of Villanova University. 
Combing through historical 
records, Engle and his team also 
found that at its peak the star is 
around 4.6-times brighter today. 


China's Lunar 
rover lives! 


Originally thought to have given 
up the ghost on the lunar surface, 
China’s Yutu rover has phoned 
home to reveal that it's alive and 
ready to explore the Moon. 

Yutu suffered a serious 
malfunction before it entered its 
latest hibernation period for the 
long lunar night in late January. 
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Thud! Mars gets 
a new crater 


Mars’ surface isn't as dead as it 
Sorel a Rise @@O)CeNneromOnemciauraneuinle 
new image of a Martian impact 


The Red Planet has a new bruise, as 
NASA's Mars Reconnaissance Orbiter 
(MRO) has imaged a brand-new crater 
on Mars that was caused by the 
impact of a small meteor. This is likely 
to have formed sometime between 
July 2010 and May 2012. 

The crater is 30 metres (98 feet) 
across and decorated with a pattern 
of rays, resulting in long dark streaks 
of debris emanating from a central 
crater that serves as a bullseye on the 
Martian surface. The dramatic finding 
reveals that when Mars was hit, the 
impact excavated soil, throwing it as 
far as 15 kilometres (9.3 miles). 

Scientists used the High Resolution 
Imaging Science Experiment (HiRISE) 


Jorgenson thinks 
that DLA 2222-0946 
might grow up to be 


just like the Milky ee 


Way (pictured) 


ee 





The new crater was 
Cala CoM PEAY eB io) anlar 
Toyota ieeemoanas emt l ys 
2010 and May 2012 





aboard the MRO spacecraft to image ; 
the fresh crater. The equipment has 1 

been hailed as the most powerful Pg > | 
camera ever sent to Mars and is a? bet 
capable of capturing detail as small as 
30 centimetres (12 inches) across from 





The Mars Reconnaissance 


















its orbit above the planet's ruddy and ‘. Orbiter (MRO) hasbeen fi 
barren surface. The craft reached a Be rae Yo orbiting around the Red 
estoy pC) a1 PA0]0L} y 9 ba i. ae Planet since 2006 
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and more common to find Get ax on i WT, "4 
Mars. In fact, over 200 such impact © Sire 
zones larger than four metres Se / id 


across are created every i oI 
Red Planet. @ 
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Scientists locate 
baby Milky Way 


— ' The new discovery gives insight into 


our galaxy's past, appearing just like a 
younger version of the Milky Way 


is a sixth of the diameter and looks 
nothing like our galaxy, but it has so 
much gas it could produce ten-times 
more stars. Jorgenson thinks that their 
finding is what the Milky Way used to 
look like and one day it too will grow 
into a large spiral galaxy. 

“Large spiral galaxies that we see 
today, like our Milky Way and other 
nearby spiral galaxies (the Andromeda 
Galaxy would be an example), are 
undergoing star formation - they 
contain lots of young, blue stars. 

They need to have large reservoirs of 
neutral gas out of which these stars 
are formed,” Jorgenson says. “This led 
to the idea that these baby galaxies 
that we see in the early universe, 
containing large quantities of neutral 
gas, are most likely the progenitors of 
spiral galaxies we see today.” @ 


Imagine a baby picture of our home 
galaxy, the Milky Way. That's the 
equivalent of the galaxy that has 
been found by a team led by Regina 
Jorgenson of the University of Hawaii. 
They used the Keck Telescope to 
take images of a small galaxy - DLA 
2222-0946 - that existed just three 
billion years after the Big Bang. Since 
these galaxies are so far away, the 
astronomers used the light of a quasar 
that was shining through DLA 2222- 
0946 and the hydrogen gas in the 
galactic baby absorbed the quasar light 
at certain wavelengths. This told the 
team about the gas in the galaxy and 
the power of the ten-metre (33-foot) 
telescope was able to resolve the data 
into the shape of a young structure. 
DLA 2222-0946 has only two- 
hundredth the mass of the Milky Way, 


© NASA; ESO; L. Calcada 
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Your guide to living and working aboard a space station 


Written by Jonathan O'Callaghan 


Could you cope living 425 kilometres 
(265 miles) above the surface of Earth 
in a space station that orbits the 
planet at nearly 28,000 kilometres 
(17,000 miles) per hour? Could you 
handle the work required to not 

only keep the station operational, 

but also ensure your survival in one 
of the most hostile environments 
known to man? Would you relish the 
opportunity to work on experiments 
that aim to advance the knowledge of 
the human race, with a stunning vista 
of Earth as a glorious backdrop? 

If you want to not only survive, but 
thrive in space, these are questions 
you'll need to consider - if the 
answers are anything other than 
‘yes’, then perhaps life in space isn’t 
quite for you. Thankfully, we're here 
to guide you through what it’s like to 


live and work on the station, covering 
everything from guidelines for 
performing basic tasks, to a timeline 
showing you how your day is going to 
be structured. 

Being an astronaut or cosmonaut is 
arguably the most extreme challenge 
for any human being. 50 years ago 
the early explorers of space were 
tasked with being pioneers in a field 
Ue El MAY oM- I CoMc1U0I Mela CcIpn Olan Brom CO mONrsCas 
today. Back then, cosmic adventurers 
were mostly extremely skilled pilots 
tasked with flying into the unknown 
aboard the most advanced vehicles 
yet seen. Modern space travellets, 
however, are rounded individuals: ° 
with expertise ranging from the 
sciences to engineering. 

Aboard the International Space 
Station (ISS) there is, at any one 
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time, a crew of six. The combined skill set of these 
remarkable individuals is comparable to that of a fully 
fledged town on Earth. Between them they must be 
able to perform maintenance on a structure worth 
around $100 billion. They must also be able to carry 
out some of the most complex scientific experiments 
ever attempted and if this weren't enough, they'd 
have to be fearless at the prospect of stepping 
out into the vacuum of space and conquering the 
ultimate unknown. 

For ESA astronaut Luca Parmitano, who served 
aboard the ISS from May to November 2013, the 
thrill of going to space is like nothing he'd ever 
experienced before. “When I was in orbit I felt like 
I was just born to be up there,” Parmitano tells us. 
“Tt was such a good experience. I loved looking at 
Earth, I loved flying by the Cupola module or any of 
the windows and just peeking down and thinking I 
could tell what we were flying over just by looking on 
the ground.” 
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That, of course, is one of the greatest wonders of 
living on the ISS. The station completes a full orbit 
of Earth every 90 minutes, meaning it experiences 
16 sunsets and sunrises every day. Inside the Cupola 
module, a popular place for astronauts on the station 
to unwind when they've got free time, you'll be able 
to look out of the seven windows and gaze at the 
surface of Earth as it moves rapidly beneath you. 

The ISS itself is a maze of modules that can be 
quite difficult to navigate at first. However, anyone 
going up to the station will be spending six months 
on board, so you'll have plenty of time to become 
accustomed to its various intricacies. Each module 
serves a different purpose, ranging from the 
Japanese Kibo module that contains many various 
experiments, to the American Unity module that 
serves as the central hub of the station and connects 
the Russian and American segments. 

Some have likened the interior of the ISS to a 
submarine and in truth it’s not too dissimilar. In 


Hanging out in the Cupola 
module is a popular 


pastime for astronauts on 


the Space Station 


oa 


When I was ir 
orbit I felt like I 
was just born to 
oom elo meslanom 


~ . LucaParmitano, 
»” ~~ ESAastronaut 
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terms of size the ISS is comparable to a six-bedroom 
house spread over the area of an American football 
field. Before going to the station, astronauts train in 
virtual reality simulators so that, when they finally 
do get there, they can locate the various buttons, 
equipment and machinery they'll need to perform 
their allocated tasks. 

Of course we've yet to mention the key aspect 
of living on the ISS. In constant free fall, you'll 
experience near-weightlessness during your Six- 
month stay aboard the station. This can be very 
disconcerting at first; many of our sensory receptors 
rely on the gravity of Earth to function properly, such 
as the fluids in your inner ear for balance. When you 
first arrive at the station it’s not uncommon to come 
down with a bout of space sickness as your body 
tries to adapt to its new and strange environment. 

“The hardest thing for me was staying still,” 
Parmitano continues to tell us. “I just couldn't! I never 
really got to the point where I was really comfortable 
or capable of being completely still. It's funny how 
What's easy on Earth is difficult in orbit and vice 
versa. Moving is easy on the station, but it's the 
opposite for standing still.” 

Aside from basic movements and the sensation of 
constantly floating, the other thing you'll have to get 
to grips with is the increased difficulty with common 
everyday tasks. Things that are incredibly simple 
on Earth, such as brushing your teeth or taking a 
shower, become a whole new problem when you're 
aboard the ISS. 


Wer get around 
three to fourhours 
-.of downtime ™ 


Sleeping quarters are small but they’re fine for a 
weightless environment 
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THE ISS 


sey to... 
Keep clean 


There is no 
shower or sink 
on the ISS, so to 
keep clean you'll 
need to use a 
special wet cloth, 
in addition to 
soaps that work 
without water. 
By patting down 
parts of your 
body you can give 
yourself a wash. 


On the ISS you 
won't have a 
bedroom like 

on Earth, but 
instead you get 

a telephone 
booth-sized space 
where you'll sleep 
upright inside a 
sleeping bag. Of 
course there is no 
actual ‘upright’ 
when in space. 


There is no 
washing machine 
on the ISS, so 
you'll have to 
make do with the 
clothes you've 
got. Fortunately 
they'll stay quite 
fresh in the clean 
environment of 
the ISS, but you'll 
be reusing items 
during your stay. 


There are four 
bins on the ISS, 
three for dry 
rubbish and one 
for wet rubbish. 
These are where 
you'll need to 
dispose all of 
your produced 
waste until it can 
eventually be 
taken off the ISS 
by a spacecraft. 
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Keeping yourself 
orientated on 
the space station 
is difficult, as 
you're constantly 
moving and 
drifting around. 
Make use of 
handrails and 
footholds to 
keep yourself in 
position when 
trying to work. 





To eat your 
specially prepared 
food on the ISS 
you'll need to 
make sure your 
plates and cutlery 
are securely 
fastened to the 
table with the 
provided straps, 
SO your meal 
doesn't float off 
before you dig in. 


Keeping fit is vital 
on the ISS. Ina 
near-weightless 
environment the 
astronauts lose 
both bone and 
muscle mass. For 
over two hours 
daily you must 
use a variety 

of exercise 
equipment to 
keep in shape. 


After you've 
finished all your 
work for the day 
you'll be afforded 
some free time. 
What you do is 
up to you, but 
popular pastimes 
include watching 
a DVD, taking 
photos out of the 
Cupola module or 
emailing home. 
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Downtime 
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mS leRCla=— from doing experiments to 
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A DAY IN SPACE 





*All times are in UTC 


Fol] el (area) oe 
may When you've woken up you'll have 


about an hour to wash and prepare for 


anything from cereal to fruit, before 
getting ready to start your allocated work. 


03 | Daily Planning 

# Conference (DPC) © ; 
At-7.30am you'll have your DPC with 
agencies across the world (NASA, ESA, : 


* CSA, JAXA and Roscosmos) to get your 


tasks for the day. 


Now it’s time to get on.with the 
tasks you've been allocated, which 


performing maintenance on the station. | 


Stay strong 

) It.is imperative that you do 2.5 
hours of physical exercise every day. 
Why not start with weightlifting using 
the Advanced Resistive Exercise Device 
(ARED)? | 


MU aten 

Noy ACH eRe) leo am Mm taeNeecye 
of the crew. If you're not on a diet plan for 
an experiment you can take your pick of 
the variety of different foods available on 
the space station. 


| Back to work 

After you've finished eating it's 
time-to get back to your work. On rare — 
occasions, when spacewalks are required, ° 
this will be about the time you start to 
head outside the station. 


“We don't have running water or a sink, so 
brushing your teeth means that you put a pea-sized 
quantity of toothpaste on your brush. You then brush 
your teeth and whatever is left when you're done 
you have to swallow because there is no sink and 
we don't have a toilet,” explains Parmitano. “Also 
shaving [is a problem]. How do you rinse a razor 
when you don't have running water? So all you know 
about toiletries needs to be readjusted. To take a 
shower you use different kinds of wet towels to clean 
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Work 
Sleep 


ae ae 


10pm 





yourself, kind of like you do with babies. In the end 
the result is the same, you come out refreshed and 
clean, but initially it takes some adjusting." 

The ISS isn't there for you to enjoy the oddities of 
living in a zero-gravity environment, however. At any 
given time the station might be running hundreds 
of experiments that can only be done in space, so it’s 
up to the astronauts and cosmonauts on the station 
to run the experiments or to become the guinea pigs 
themselves for some of the biological ones. 





















|) The ISS completes an orbit of Earth 


every 92.8 minutes, so by the time you 
finish breakfast you will have seen both 


a sunrise and Sunset. 


® Astronauts must sleep in well- 
ventilated areas to prevent them | 
becoming encased in a deadly bubble 
of their own exhaled carbon dioxide. 


® In their spare time some astronauts like 

‘ to tweet pictures of Earth from space, 
particularly fantastic shots taken from 

| the Cupola module. 



















“Some of the experiments that I liked were the 
ones where I was the subject in the experiment,” says 
Parmitano. “It was very interesting when we were 
studying our eyes, our spine, how our body reacts 
to microgravity and how to tackle the problems that 
come up with it. 

“But there were others that were captivating. One 
of them, for example, involved remotely driving a 
little rover on the ground. This was an actual rover 
that was in NASA's Ames Research Centre (ARC) in 
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08] Keep a 
You've Pee lifted some eee sO 
now we'd suggest doing some cardio exercise . 
on the treadmill to keep rl bone and muscle 
ve mass in good order. 
yt 
(elt g scheduled period a work is now 
over, So you're free to have dinner with your 
 crewmates, some of whom you might not NEN 
Set al ele 


fan Relax 
You've now got.a few hours to iene 
before heading to bed. You could watcha 
ney d(= a LUT mT ANYAALeyt literally watch the world 
go by outside one of ae Cupola module's 
Se 


Fi Get to bed - ! 
aU Now it’s time to Preis to bed ahead of 
mT fels a1 busy day tomorrow. Each of you has 
- your own compartment to sleep in, so get Some 
shut-eye before.waking wi =| rT au, 
IEE NE sae, 


Daily totals ®Exercise 


2.5 hours 


“Tt's Tana how what's easy - 
on Earth is difficult 1 te orbit 
and vice Kee 


SRV Neel ewe AI ALCO 
the freeze-dried food eaten by 
astronauts decades ago; now 
me OURS) ALR mL) 
_ same food we have on Earth. 


VANfo) 4 
8 hours 


California. It was there and we had software in orbit, 
a Graphical User Interface (GUD), that let us drive this 
little rover on the ground and do things with it, such 
as take pictures or navigate around obstacles. 

“Tt was fun thinking that we were using a robot on 
the ground while flying at [an altitude of over] 400 
kilometres (248 miles), at 27,600 kilometres (17100 
miles) an hour and even a robot on the ground was 
able to respond to our commands. I was envisioning 
30 years from now being on a spacecraft around 
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some strange planet and using a little robot, a little 
rover, to go check around the environment.” 

Thanks to experiments such as these, the ISS 
has been responsible for countless scientific and 
technological breakthroughs since its assembly began 
in 1998. In 2002, for example, an experiment was 
carried out to ascertain if anti-cancer drugs could 
be delivered by microcapsules. This is a specific 
technique that could only be perfected in the 
microgravity of space. 





Sleep 
8 hours 


In May 2011, meanwhile, a particle physics 
experiment known as the Alpha Magnetic 
Spectrometer was attached to the station on a 
mission to search for dark matter by measuring 
cosmic rays. Looking to the future, in 2017 there are 
plans to attach the Neutron-star Interior Composition 
Explorer (NICER) to the station, which aims to study 
the interiors of neutron stars. 

These examples are just a tiny portion of the 
groundbreaking work that has been, or will be, 


Surviving space 


performed on the ISS. Perhaps its most important 
use, though, is providing us with a prime location 

to further our space-exploration efforts. It's easy to 
forget that we've only been a space-faring species 
for five decades, yet today missions to and from low 
Earth orbit are almost routine. If we want to venture 
further into the cosmos, then the work done on the 
ISS will provide us with the vital information we 
need to ensure the survival of future pioneers. 

“It's absolutely imperative that we continue 
missions on the ISS," agrees Parmitano. “It’s of the 
utmost importance. We continue growing and the 
Earth is always the same - it's the only planet we 
have, so from a very physical point of view we need 
to be able to provide a future elsewhere. You know 
it has to be somewhere else, because the Earth is 
becoming too small for us, that’s the first stop.” 


A foot restraint is the only thing 
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How to doa 
spacewalk 





Pre-breathe 
One hour before going 





Reduce pressure 


Suit up Upper torso outside, where you'll In the airlock the pressure 
First of all you'll need to Next you'll need to pull that breathe 100 per cent Helmet will gradually be reduced 
get your suit on. Get a crew upper torso on, ensuring oxygen through your suit, Now you'll need to put to stop you getting the 
member to help you first all switches are set to their you need to prepare by your helmet on and climb bends when floating in the 
with the lower torso. correct positions. pre-breathing pure oxygen. into the airlock. vacuum of space. 
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It’s not just our need to expand our regions of 
habitability that make the ISS so important; it's also 
the human desire to explore and learn: “We can't 
imagine human beings not wanting to explore. 
What I'm saying is that there are some things that 
separate us from the rest of the animal world. The 
way we question the world and the way we question 
ourselves is one of those things. 

“When we look at the horizon, we look and we 
start wondering first what's beyond it, what's there. 
But thinking about it isn't enough, we want to go 
out there and we want to put our feet in the land 
beyond the horizon. We want to touch the ground 
with our hands and that's why even if youre sending 
robots and rovers to other planets and other worldly 
bodies, we are still going to have this strong desire, 
this incredible need, to go out there ourselves and 
we won't feel that we have gone there until we have 
physically landed there. That's just our nature and it’s 
also the spark that lets us evolve our science, as well 
as our knowledge. It's our need to know more, so we 
just have to follow that basic instinct. It's our nature. 
It's what we are.” 

It's not just human exploration that the ISS is 
helping us to further, though; the station now plays 
host to a whole variety of spacecraft, enabling 
agencies and companies to test key technologies and 
techniques with a view to more-ambitious missions 
in the future. Where once the ISS regularly welcomed 
NASA's Space Shuttle, a new breed of private 
spacecraft have begun to make forays into space to 


take cargo to and from the station, alongside existing 


Exit 

Now you'll need to go to the 
depressurised payload bay, 
close the airlock and then climb 
out of the hatch into space. 
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“I was out around 45 minutes or an hour into my 
second spacewalk, when I felt water on the back of 
my head. At the time Chris [Cassidy] and I had no 
idea what was happening. Let me tell you the last 
thing you want to do is stop the activity that is so 
important and so expensive and involves so many 
people as an EVA (Extra-Vehicular Activity). 

“AS we were waiting for advice [from Houston] 

I realised it wasn't going to get better. I felt more 
water crawling through the back of my head over 
my communications cap and at that moment I 
felt this was going to be a nuisance for sure and it 
may turn into a bigger problem. That’s when we all 
decided, with concurrence on the ground, that it 
was time to go back inside. The ground called for 
a terminate, which is a soft word for stopping EVA 
- just put everything back in good condition and 
go back inside - as opposed to an abort, which is 
when you leave everything as is and you go back 
inside and depressurise as fast as you can. 

“T had to go back to the airlock one way and 
Chris had to go back a different way because of the 
way we were routed. Now the part that became 
interesting, so to speak, was maybe a minute or 
two later. I was about halfway to the airlock when 
the Sun set. When I say the Sun set, you have to 
imagine an orbital sunset. It's different than Earth. 
You have light, now you don't. When you don’t 
have light in orbit it’s the absolute absence of light, 
it’s a black like nothing you can experience when 
back on Earth. 

“The light coming from my helmet could only 
illuminate a circle of light about 30 centimetres 


a 


When spacewalks 
go wrong 


Italy's first spacewalker, Luca 
Parmitano, tells us how his second 
EVA almost ended in disaster 


(one foot) wide. At the same time the water covered 
my eyes and nose, so I was isolated in the sense 
that I couldn't really see well enough to navigate my 
own way back. I was also upside down and I had to 
manoeuvre myself around a no-touch zone, which is 
a zone that is either dangerous or you could damage 
some important equipment. 

“So, I was upside down with no light, no eyesight 
because my eyes were covered, I had water in my 
nose. I tried to call the ground and Chris, but neither 
one could hear me due to water or because of the 
sheer geometry of the station. That’s when I had to 
make a very quick decision either to wait there or 
try to go back however I could. In a split second I 
came up with a decision and a plan to move and do 
whatever I could. I moved and decided to try to use 
my own capabilities to get back. About five minutes 
later I was back at the airlock. 

“Chris arrived right away and we went inside. 
Chris closed the hatch and we repressurised. As 
soon as Karen [Nyberg] started repressurising I 
couldn't hear anything, so the ground was calling 
me, Chris was calling me, but I couldn't hear. It was 
pretty miserable. Water was inside my ears, inside 
my nose, all over my eyes, so I didn’t want to move. 
The next thing I knew Chris was squeezing my 
hand trying to get a response and my response was 
to squeeze as hard as I could to give him the okay. 

"After everyone else repressurised they opened 
the hatch and I saw a very worried group, Fyodor 
[Yurchikhin] and Karen, who quickly hurried me out 
of the airlock to take my helmet off and that was the 
end of it.” 
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A crew member with 





| the newly installed Eh igelar Ts 
. Columbus module BCIOen a | 
. The utility hub of the station Reo | 
provides life-essential services Spacecraft such as Soyuz 
and also has a docking port for and Progress vehicles dock 
spacecraft visiting the ISS. with the Rassvet module, 


which also serves as an 
airlock for spacewalks. 


elite 

This Japanese laboratory 

is the largest module 
on the ISS, housing 
EBC ese Re K=\ yy) 
module and two 
sections for tests, 
on =Ke) MANN 
fully exposed 

to space. 





co “Now life aboard 
er the Space Station 
sane is no longer solely 


about survival” 
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Zvezdamodule /¢ =. a 5 8 /. eS . vehicles such as Russia's manned 


ee Soyuz spacecraft. First in May 2012 
+o i. 3 ~e was SpaceX’s Dragon Capsule and 
ne R “yh 4 more recently we saw Orbital Sciences 
Aa send its Cygnus cargo craft to the ISS. 
a Working aboard the station can at 
times almost feel like living in a true 
Spaceport. Aside from those already 
mentioned you also have to contend with 
the arrival of Russia's unmanned Progress 
vehicles, ESA’s Automated Transfer Vehicle (ATV) 
and JAXA’s H-II Transfer Vehicle (HTV). The ISS 
sees new vehicles arrive almost every month, with 
these spacecraft ensuring the survival of the crew 
by bringing life-essential supplies and some comfort 
supplies as well, such as ice cream. 
As we move into what some regard as the true 
science phase of the ISS, with construction of the 
station now complete for all intents and purposes, as 
it was originally intended, an even fresher breed of 
spacecraft will begin transporting not only cargo but 
humans to the station. 
If you're making a trip to the ISS in the next ten 
Roman Romanenko witha years, it might be that Russia's Soyuz is no longer 
plants growth experiment in the sole means of accessing the station; Boeing's 
the Zvezda module CST-100 capsule, Sierra Nevada Corporation's Dream 
Chaser and an upgraded man-rated SpaceX Dragon 
capsule are all expected to begin manned flights 
to the station before the decade is out, thanks to 
considerable funding from NASA. 
It's thanks to endeavours like these that now 
life aboard the Space Station is no longer solely 
about survival - it's about the utilisation of an 
environment that can't be replicated on Earth, 
where groundbreaking experiments and pioneering 
expeditions can be carried out to further our 
Tie backbone orthastation knowledge of our world and the universe beyond. 
is the main truss, stretching Crucially it also provides a stepping stone towards 
109 metres (358 feet). sending humans beyond Earth orbit. Surviving 
in space is a challenge we have nearly mastered - 
perhaps the next leap will be thriving there. 
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Main truss 





Parmitano's first EVA (pictured) 
went off without a hitch, but his 
second almost ended in disaster 


The main truss is the core 
structure of the ISS 


Arguably the most 
popular module on 
the ISS is the Cupola, 
which provides 
glorious views of 
Earth through ™& 
its windows. 
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Double black holes are thought to be ie atomclu Kee rexersit Despite their EST supermassive, black holes are 
source of elusive gravitational waves. This radiation . not sluggish by any means. Astronomers are able ~ 
ripples through the fabric of space-time, taking the to figure out - with the help of the Doppler 
a ol Mot which have never been observed abhi teem date binary’supérmassive Ete a@ate)tas 
directly. They're made when one of the duo spirals ' should generally orbit each other at speeds 


.. towards the other, when the pair's eytey anes decayed, -. of around 3,800 kilometres oa second - 
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5 AMAZING FACTS ABOUT 


Double 
black holes 


They'te made in peoimaonlt 
galaxy collisions horizons make 
It's common belief that galaxies each have a duckbill sh Polen 3 


supermassive black hole nestled at their centres, 
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Not many, have 
been found. 


It's certainly no secret that binary black holes are 
hard to come by, despite the universe being Weis. 






but what happens to them when one galaxy is on What becomes of a black hole’s event horizon - the Nida =cl Cau COR eee aw Caco velo lenTeRUNT Oa aT 
a collision course with another? It turns out that point of no return - when two of these exotic objects + over 30 examples probably exist but have only 
these monstrously hungry and hefty objects have get close? Scientists think that as they approach,  — pegged a few including one nMeidouble nucleus 
the opportunity to share the same galactic centre, their event horizons protrude as duckbill shapes of NGC 6240, which is the remnant of‘a merger 
roughly separated by tens of light years at most. towards each other, extending longer and narrower. between two smaller galaxi 


yonne lly combining as one. 4h eklecRoHom ene iCeaweeli(<-yelae hour. 
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Only a handful of these incredible 
cosmic collisions have been found 
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Future Tech Europa Clipper 
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Braving radiation and extreme temperatures, the 
probe that will peer below an icy moon's surface 


In the search for extraterrestrial life, Jupiter's moon, 


_ Europa 
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Europa, is one of the most promising candidates 
in the Solar System. Slightly smaller than our own 
Moon, Europa is made from silicate rock with an 
iron core, but what makes it unique is its surface, 
which is covered in smooth water ice, beneath that 
may be an ocean kept liquid. 

The Galileo probe, which orbited Jupiter 
between 1995 and 2003, performed several 
flybys and provided evidence that there 
might be a saltwater ocean beneath the 
Kem ENC oM MOTTON UD DNL om ene lxocm Keene a T= 
Hubble Space’Telescope have shown 
a cloud of vapour bursting from 
the soutlf pole, like a geyser. 

The Europa Clipper mission 
is a proposed reconnaissance 
project, designed to assess 
whether the moon possesses 
the conditions required to 
sustain life. The Clipper will 
hold technology to determine 
whether there is an ocean 
below the ice, to find out what 
it's made of, as well as if it could 
contain organisms. 

In order to characterise the ice 
crust and its underlying ocean, low- 
frequency ice-penetrating radar will 
be used to probe below the surface of 
the moon, generating a map of the crust 
that could extend up to 30 kilometres (19 
miles) below the surface. The chemistry of the 
atmosphere will be studied using on-board mass 
spectrometers capable of identifying the fingerprint 
of each chemical component. Plus, if the geyser at 
the south pole is active at the time of flyby, water 
vapour from beneath the crust will be spewing into 
the atmosphere, enabling the composition of the 
ocean to be analysed. Imaging equipment will also 
be carried on the Clipper, which will enable the 
surface of Europa to be studied in more detail. 

If there is an ocean beneath the ice on Europa, 
its salinity will be evaluated by observing the 
magnetic field and gravity of the moon. When salt 
ions in an ocean pass through a magnetic field, 
they are separated, creating a charge difference. 

This electrical gradient induces secondary magnetic 
fields, which can be picked up by the on-board 
magnetometers. Determining the salinity of the 
water is an important step in identifying whether 
the ocean contains dissolved minerals and if it’s able 
to support organic life. 











Jupiter's frozen moon will 


be analysed during several 
brief flybys to determine 
its physical structure and 
chemical composition. 


The Europa Clipper will have to contend with 
extreme levels of radiation in order to get close 
to the moon. Radiation causes the formation of 
oxidants, which could provide an energy source for 
life on Europa, but is also damaging to electrical 
equipment. This means the mission is being 
designed to reduce the effects of this exposure, 
orbiting Jupiter rather than Europa itself. For the 
majority of the rotation around the planet the 
Clipper will move above the radiation belt, dipping 
into it only briefly to perform low-altitude flybys 
past the moon. 

Cost estimates for the project are just over $2 
billion (£1.2 billion), excluding the cost of launch. 
If given the green light by NASA, the project could 
launch in the early 2020s, reaching Europa by 2024 
at the earliest. @ 


~» Collecting data 
As the orbiter 
moves past Europa, 
MSU RRL 
begin. Some will be 
taken continuously, 
and others only when 
the orbiter comes 
within a set distance of 
the moon. 








_ Ice-penetrating eel 
Low-frequency radar 

passes through ice and will 

be used to see through ° 
the crust that covers the 
surface of Europa. 
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= composition to be 
deciphered accurately. 











' Magnetometer 

A magnetometer will 
be used to assess the 
magnetic field around 
Europa, as well as to 
(o(eik=l nal A=M aN eMr LNT ANG 
of its oceans. 





ORC eis aces ecw lnikeialar) 
This antenna, which will point 
in the direction of Earth, is 
to measure the gravity of 
Europa, providing information 
about its internal structure. 
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It is most likely that the 
Clipper will be solar- 
powered, despite the 
fact that the Sun is much 


less bright farther out 

® Imaging equipment - into the Solar System. 

A combination of high- é£ 

resolution and stereo 

imaging will be used to | 

assess the surface of Europa em ne Be la 

for geological features, as If the mission is designed 

well as potential landing so that fuel remains in the 
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It shapes the universe, enables 
the stars to shine and controls 
our everyday lives - but how 
much do we really know 
about one of the most elusive 
OG ac wieMesSMUNBNN chord 


Written by Giles Sparrow 
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Throw an apple in the air, catch it and your'e seeing 
the power of gravity at work just as surely as when 
you look up to the Moon, speeding along its orbit a 
quarter of a million miles from Earth. This ubiquitous 
force pervades the universe, emanating from every 
massive object and influencing anything that 

comes close enough. The gravity from enormous 
clusters of galaxies can be felt across hundreds 

of millions of light years, while on smaller scales 

the gravitational collapse of gas is what ultimately 
heats and compresses the cores of stars and enables 
their nuclear reactions to take place. Yet gravity is 
curiously elusive on the smallest scales - we cannot 
measure it as a property of individual particles and its 
behaviour contradicts much of what we know about 
the other fundamental forces of the universe. 

Physicists and astronomers have been struggling 
to understand gravity ever since the Renaissance. 
The great Italian scientist Galileo Galilei was one 
of the first to realise that gravity on Earth affects 
all objects equally regardless of mass. According to 
legend, he proved this point in 1589 by dropping balls 
of different masses off the Leaning Tower of Pisa and 
showing that they hit the ground at the same time. 
Almost four centuries later, Apollo 15 commander 
David Scott demonstrated Galileo's point conclusively 
by simultaneously dropping a feather and a hammer 
on the surface of the Moon - they hit the ground at 
exactly the same time. 

It was English physicist Isaac Newton in around 
1666, however, who first made the connection 
between objects falling on the Earth and the 
behaviour of the Moon and planets in distant space. 
While German mathematician Johannes Kepler had 
correctly described the behaviour of planets in their 
orbits, he had not ventured to suggest the force that 
might control their behaviour. It was Newton who 
imagined what might happen if the force that gave 
objects weight on Earth extended to the Moon and 
beyond and in 1687 he finally put forward his law of 
universal gravitation. 

“Physicists are always looking for unification 
and simplification and gravity was one of the first 
examples of that,” explains C.D. Hoyle, professor of 
Gravitational Physics at California's Humboldt State 
University. “Newton was able to unify the terrestrial 
realm, and the way objects fell on the Earth, with 
the orbits of the planets, which were at the time 
considered to be a completely separate phenomenon.” 

As equations go, Newton's law is one of the simpler 
ones: it describes how the gravitational force depends 
on the masses involved and the distance between 
them. As you might expect, the force of gravity 
gets bigger as either of the masses involved grows 
larger, but it falls off rapidly with increasing distance 
(double the distance and the force falls to just a 
quarter). Despite that, however, it turns out that the 
acceleration due to gravity at a given distance from 
an object depends only on that single object's mass. 
This is how we can say that the acceleration due to 
gravity at Earth's surface (often written as lower-case 
'g'), for instance, is 9.81 metres (32.19 feet) per second 
squared, without worrying about the mass of the 
object actually being accelerated. Acceleration falls off 
only gradually as you get away from Earth's surface - 
at the altitude of the International Space Station it is 
still 90 per cent of g. 
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G is the universal constant that determines the 
actual strength of the gravitational force, usually 
known as the Gravitational Constant. Although 
measuring acceleration due to gravity is relatively 
simple, measuring the value of G itself is much more 
of a challenge. British scientist Henry Cavendish 
achieved it in 1798 by using an ingenious mechanism 
called a torsion balance. In this experiment a rotating 
framework rather like a coat-hanger, with weights 
hanging on either side, is suspended from a single 
wire and allowed to twist freely, influenced only 
by the gravitational attraction between the moving 
weights and a second pair of larger weights fixed 
nearby. The moving weights come to a halt when the 
attractive force between them balances the resistance 
or torque created by the twisting of the wire. 

In most situations, Newtonian gravity still 
provides a perfectly accurate model for gravitational 
calculations; it's used without a second thought by 
engineers calculating the physics of everything from 
buildings and aircraft to elevators and rockets. Since 
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“Newton's famous 
_ theory certainly 
isn't the last word 
, on gravity - 


Physics professor Hoyle considers 
CEN eatorye lh ewe Oracle lay 


gravity is simply a force in a constant direction, it’s 
theoretically possible to create artificial gravity in 
so-called micro-gravity situations such as Earth orbit. 
Spinning a pair of spacecraft around each other 
creates a virtual centrifugal force that mimics gravity, 
as does simple constant acceleration (though this is 
considerably harder to produce with current rocket 
engines). The challenges of generating artificial 
gravity are purely practical rather than theoretical. 

However, Newton's famous theory certainly isn't 
the last word on gravity and in fact during the 19th 
century astronomers discovered some situations in 
which it seemed to fail. For example, the elliptical 
orbit of Mercury changes its orientation, or precesses, 
over time quicker than Newtonian gravity would 
seem to suggest. Despite this, the gravitational 
revolution that came in the early 20th century 
emerged from a very different direction. 

C.D. Hoyle takes up the story: “Newton's theory 
of gravity worked pretty well for almost 250 years, 
until Einstein came along. General relativity was 
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born out of the study of light - the consistent speed 
of light in the universe was a problem whose solution 
ultimately required a whole new view of gravity.’ 

Einstein's new model of gravity was just one part 
of his wider theory of general relativity - a model 
of the nature of space and time that developed 
organically alongside his investigations of special 
relativity (the behaviour of bodies moving at speeds 
close to the speed of light). He realised that space 
and time are not the fixed properties they appear 
to be, but instead form a four-dimensional space- 
time that can be warped in various ways. Special 
relativity shows how time would slow down for fast- 
moving objects, while their length in the direction 
of travel would be compressed. However, in 1911 
Einstein realised that a gravitational field is physically 
equivalent to a state of constant acceleration - in 
other words if a person were sealed in a rocket with 
no outside information, they would be unable to 
conduct an experiment to show whether the rocket 
was accelerating constantly, or simply sitting on the 
ground in a gravitational field. 

Thinking through the consequences of this, 
Einstein realised that a gravitational field should 
bend the path of light rays moving through it, despite 
the fact that light is massless and therefore immune 
to Newton's version of gravity. In Einstein's theory, 
large masses created distortions in space and time 
(what we experience as gravity) that affect massive 
and massless objects alike. 

Einstein's ideas were controversial at the time 
and despite his already formidable reputation in the 
scientific community, they were largely ignored on 
publication in 1915. They only came to widespread 
attention in 1919, after British astronomer Arthur 
Eddington led an expedition to the island of Principe 
off west Africa to observe the Sun during a total solar 
eclipse. Measuring the positions of stars around the 
Sun, Eddington found that they did not appear in 
their normal positions and therefore showed that 
their light was being deflected as it passed through 
the Sun's gravitational field. “Einstein did calculations 
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The power of gravity 


What is it? The four forces of nature 


According to our current understanding, gravity is a 
distortion of four-dimensional space-time that makes 
itself felt as a force acting on objects. While many 
early scientists assumed it acted instantaneously 
across huge distances, Einstein showed that gravity 
could propagate no faster than the speed of light, 





giving rise to the possibility of gravitational waves , 
(one of the few predictions of general relativity that a 
has not yet been observed, though physicists are 
certainly looking). : 
Perhaps the biggest challenge facing modern strong . Electromagnetic 

ie ; _ The strong nuclear force binds particles together The electromagnetic force affects particles with 
physics is how to reconcile general relativity, : .; 
- sale destin f th th on the tiny scale of the atomic nucleus. It affects electric charges and operates over intermediate 

Postel Sees DEO ee sree be elu elementary particles called quarks and combines scales. It makes itself felt through phenomena such 

quantum field theories that describe nature's other protons and neutrons together to form nuclei. as electricity and is transmitted by photons. 
fundamental forces. Gravity appears to be very 
different, though theoretical physicists hope that it 24 


might ultimately prove to be transmitted from one 
object to another by an exchange of hypothetical 
messenger particles called gravitons. 

Other forces use these messengers (collectively 





known as gauge bosons), so that if the graviton 

could be found, it would at least prove that the forces eS 

operated by the same broad principles. However, Gravitational Weak 

even then there would be major unanswered This force is the weakest of all on the subatomic This force operates inside the atomic nucleus and 

questions such as why gravity only makes itself level, but it’s felt when matter gathers in bulk and transforms one kind of quark into another. Unusually 

felt when large numbers of particles are gathered it has an enormous range. It operates by distorting the weak force is transmitted by three different 
space-time rather than via carrier particles. carrier particles: the W+, W- and Z particles. 


together and how it makes its presence felt over such 
enormous distances. 
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| as gravitational wells, in with enough speed to 
the sheet of space-time. avoid falling towards 


the central body. 


Smaller bodies such 
as the Moon warp 
space-time to a lesser 
extent because of 
their lower masses. 


~ Small dent 
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Although the gravitational force exerted by any object 
depends only on its mass and distance, the composition 
of objects also has a role to play, since the density or 


concentration of mass governs how close we can get to it. 
The most famous examples of extreme gravity are black 


holes - collapsed stellar cores that concentrate the mass 
of several Suns in a single point known as a singularity. 
A black hole's gravity only becomes so huge because its 
density means that objects can get incredibly close to it 
and, in accordance with Newton's law, the gravitational 


force quadruples every time the distance to the black hole is 
halved. However, the black hole's gravitational force doesn't 
extend any further into space than a normal object of similar 
mass so, hypothetically, a planet could remain in stable orbit 
around a black hole just as easily as it could orbit a massive 


star, for example. 


One common way of showing the effect of an object's 


density is to consider its escape velocity - the speed at 


which an object leaving its surface would have to travel in 


order to completely escape its gravitational field. 





Earth 


Any object attempting to leave Earth is slowed down 
by acceleration due to gravity, but gravity falls off 
with distance from Earth, so if the object can achieve 
escape velocity, it can outrun the force and escape 
ade eI) 


that explained the perihelion precession of Mercury, 
but it was Arthur Stanley Eddington’s observation 
of this gravitational lensing that really clinched the 
case,” adds Hoyle. 

Today astronomers have harnessed this strange 
effect, known as gravitational lensing, to peer into 
the depths of the universe. As well as distorting the 
images of distant objects, lensing can also intensify 
their light. For example, dense galaxy clusters can 


warp the light from even more-distant galaxies many 
billion of light years away. Even extrasolar planets 
passing across the face of their stars can cause them 
to brighten momentarily through an effect commonly 
known as microlensing. 
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The Sun contains the mass of 
333,000 Earths, but its huge size 
means that escape velocity at its 
surface is just 55-times Earth's. 
However, its mass is So great that a 
speed of more than 42 kilometres per 
second is needed to escape the Sun 
starting from Earth's orbit. 


Jupiter 


Jupiter has 318-times the mass of 
Earth, but less than a third of its 
density, so escape velocity from its 
cloudtops is only 5.3-times Earth's. 
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Black hole 


A black hole may contain the mass 
of more than a million Earths, 
compressed to a singularity in space. 
This means that the escape velocity 
may be faster than the speed of light 
(and therefore physically impossible) 
out to a boundary called the event 
horizon. This is why nothing can 
escape from a black hole. 


“Understanding how gravity works at 
a quantum level could also help solve 
the mystery of dark energy" 


Since Einstein's time, general relativity has been 
proven correct in a wide range of experiments and 
it is still widely accepted as an accurate description 
of the way gravity works on the large scale of 
galaxies, stars and planets. However, physicists are 
still concerned about how to reconcile it with other 
aspects of the universe; gravity is just one of four 
fundamental forces and the others behave differently. 





“A lot of efforts were made early on to unify 
the new theory of general relativity with 
electromagnetism,” says Hoyle. “In the 1920s Theodor 
Kaluza and Oskar Klein explained how if you 
introduced a fifth dimension, you could kind of unify 
gravity and electromagnetism, though it didn't work 
out exactly right. People didn't really think about it in 
mid-20th century, though, when nuclear and particle 
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Supermassive black holes 
Monster black holes with the mass 
of millions of Suns grow early in 

or AVacm Ne) (eL Mola e)’m ele] iay-a lal 
material from their surroundings. 
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Large spirals are typically 
orbited by dozens of smaller 
satellite galaxies, but 

often they are themselves 
influenced by the gravity of 
nearby galaxies to forma 


group or cluster. 


physics were the hot areas of research and it turned 
out there were these two other forces operating at a 
Subatomic level.” 

Today, however, particle physicists have good 
reason to believe that they may eventually come up 
with a way to explain the three quantum-level forces 
as aspects of a single superforce, but adding gravity 


to the mix is perhaps the biggest challenge of all. The 
first step would simply be to understand how gravity 
works in the context of the quantum world - a theory 
of quantum gravity whose behaviour might start to 
diverge from general relativity at small scales. 

“The point is that we live in one universe, so there 
shouldn't really be two theories needed to explain 
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Stellar orbits 

Stars move at different speeds 
depending on their distance from 
1d (=R qe) c-Wm LOL] oe) am aal-Walalb(ae= 
of unseen dark matter that may far 
outweigh the galaxy's visible stars, 
gas and dust. 


ie Spiral arms 
These curving regions of star 

formations are created by 

dae Bo4e- Weel Moar MINT )a ome) 

other nearby galaxies pulling 

on the galaxy's disc. 


Galaxy hub 

aM al= Beeb evecare laa] mole x= M nr heelnie) ie 
billions of stars orbiting around the central 
black hole. More-distant parts of the 
galaxy are held in orbit by the combined 
mass of the hub and black hole together 
and so on. 


how it works that are mathematically at odds with 
each another. Quantum mechanics, for example, 
does not behave properly around the gravitational 
singularity of a black hole, whereas general relativity 
copes with that, no problem,” explains Hoyle. 
Understanding how gravity works at a quantum 
level could also help solve the mystery of dark energy 
- the puzzling phenomenon of the modern universe 
that seems to be accelerating the expansion of the 
universe. While some theories of dark energy suggest 
it is an independent fundamental force, others see it 
as an intrinsic property of space-time itself, perhaps 
intimately connected with gravitation. Testing 
gravity’s small-scale properties lies at the heart of 


The power of gravity 


Five gravity myths 


1. Astronauts 
- experience zero- 

gravity in orbit 

Astronauts in orbit 

actually experience 

almost the same 
gravity as on Earth. Orbit is a state where an 
object's straight-line speed is delicately balanced 
against gravity’s tendency to pull it back to Earth. 
Because the astronauts and spacecraft share this 
State, they are in constant free-fall and weightless. 


2. Weight and mass 
are the same 
Actually, no. An object's 
mass is a Measure of the 
quantity of material it 
contains, while its weight 
is a measure of the force 
exerted on it by gravity, so 
it can change depending on the object's location. 
Properly, mass is measured in kilograms while 
weight should be measured in Newtons, the 
standard units of force. 


3. Earth's gravity 
exerts the same 
force on all objects 
No it doesn't - Newton's 
law shows that the 
force depends on the 
object's mass as well as 
the Earth’s. But heavier 
objects also require more force to accelerate them, 
so all objects experience the same acceleration 
due to gravity. 


4. Gravity gets stronger 
with increased height 
No, barring some minor 
variations, Earth's gravity is at 
its strongest on the surface of 
the Earth. It gets weaker with 
height, as you get further away 
| ) from the source of the gravity, 
and also decreases inside the Earth. Here there is 
less mass pulling you towards the centre and an 
increasing amount of mass pulling you upwards 
from overhead. 


5. If you could 
reach the centre of 
the Earth, you'd be 
entirely weightless 
This one depends on 
what you mean by 
weight. There's plenty of 
gravity at the centre of 
the Earth, but it would pull at you from all sides 
and therefore if you could find the perfect centre, 
it would cancel out. 
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Hot and cold 
The satellite's orbit meant that while 
one side was in almost permanent 
sunshine, the other was in permanent 
shade. As a result it had to cope with 
temperature variations between 
+160°C (+320°F) and -170°C (-274°F). 





In order to eect Pees i 
drag, GOCE was equipped 
with an advanced ion - 









electrically charged gas enabled 
oN line Meee) go) 


- 


J 7 = e—_—, 
J a® 


sie erly 


Over the past few years, an advanced European 

Space Agency Satellite skimming the edge of Earth's 

atmosphere has been measuring our planet's gravity 
: in unprecedented detail. GOCE (short for Gravity 

Field and Steady-State Ocean Circulation Explorer) 

Boasted a uniquely streamlined design that earned 

it the nickname of the Space Ferrari, and operated 

from launch in March 2009 to its eventualre-entry ys er eae ees 

into the atmosphere in November 2013. . . ey a Pr No moving parts 

GOCE measured the slight changes to Earth's ae nt Prater oe 

gravity gradient that arise from different fo disturbance to its sensitive 

distributions of mass on the surface and even - Tote (Tee] anim aA e 

beneath our planet's crust. Three sets of highly my GOCE was built with no 

sensitive accelerometers picked up tiny variations moving or swivelling parts. 

in the pull of gravity, while a satellite-tracking 

instrument kept a precise record of GOCE’s position 4 

in space. The resulting map of Earth's gravitational 

field or geoid has enabled scientists to probe up to 

2,000 kilometres (1,243 miles) into Earth's mantle, 

revealing unseen features around the volcanically , 

active boundaries between tectonic plates. 


Gravity through the ages 


@ 1589 1609 @ 1687 
Galileo's experiment Kepler's laws Newton's gravitation 
Galileo Me German Isaac 
realised astronomer Tl ay Newton 
that , Johannes | publishes 
acceleration a Kepler | his great 
due to "9 reveals his work, the " @ 1846 


gravity | laws of Principia, 8 1798 A new planet 
was the planetary outlining Measuring G French mathematician 


ee Same for all . Ze motion - aX mee three Henry Cavendish uses Urbain Le Verrier predicts 
objects regardless of mass describing the properties of laws of motion and the law a torsion pendulum to the location of a new 

- reportedly by dropping any object in orbit around of universal gravitation, measure the weight of Earth, planet, Neptune, based on 
weights off the Leaning another but not addressing showing how Kepler's laws measuring the Gravitational its gravitational disturbance 
Tower of Pisa. the causes of the motion. arise from gravity. Constant in the process. of the orbit of Uranus. 
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~*» Polar orbit 
GOCE followed an | 
orbit that took it ‘ 


above the North and.” 


South Poles as Earth 
rotated beneath it, 


enabling it to map the | 


entire planet in detail. 
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Skimming the atmosphere 

In order to make the most sensitive 
gravity measurements, GOCE orbited 
at an altitude of just 260 kilometres 
(160 miles), well within the upper 
layers of the atmosphere. 
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The GRAIL spacecraft create a high-resolution 
map of the Moon's gravitational field by 
transmitting radio signals back and forth 


“We ml 
extra dimensions 


Hoyle's research at Humboldt: “The fact is that there's 
never been a direct measurement of gravity below 
the 50-micron scale, so we currently just have to 
assume it works all the way down to the smallest 
quantum scales.” 

Hoyle and his team are using a familiar principle: 
“It's effectively an updated version of Cavendish's 
torsion balance, in a vacuum chamber with modern 
electronics. But to measure gravity at this scale you 
have to measure twists of the torsion pendulum of 
a Nanoradian or better (a radian is a unit of angular 
measurement roughly equal 57 degrees). Imagine 
someone in London with a tennis ball that I'm trying 
to measure from California - that’s the kind of angle 
we're trying to detect. 

“At this point the motivation is really just to test 
how gravity behaves at that scale. There are various 
predictions from theories of dark energy that suggest 
gravity switches off entirely below a certain level and 
that also contributes to the accelerating expansion 
of the universe. The first thing, of course, would be 
to see a diversion, then the next challenge would 
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ht be looking at evidence of 


be to explain it. If we can pick up on something, 
then we might be looking at evidence of extra 
dimensions, new forces or exotic particles. For me, 
it's a perfect project for undergraduates, because the 
physics of measuring gravity is something you can 
understand at that kind of level. Whether we make 
a groundbreaking discovery of new physics or not - 
well, who knows?" 

Gravity shapes every aspect of our lives on Earth, 
holds our planet in orbit around the Sun and keeps 
our Solar System on its track around the Milky Way. 
It’s responsible for some of the strangest and most 
extreme objects in the cosmos, for the large-scale 
structure of our entire universe and it even shapes 
the nature of time and space. 

However, this dominant force, which challenges 
the fundamental theories of science precisely when 
we peek beyond our own sphere, can most of the 
time be accurately described by a scientific model 
over three centuries old. It seems that the more we 
learn about the workings of space, the more gravity’s 
secrets come to light. @ 
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Einstein's General relativity 

breakthrough | Einstein 

| Einstein publishes 
outlines the his theory of 
equivalence gravity, space 
principle, and time. This 1967 Dark energy 
realising that is later proved @ Black holes Independent teams & 2014 ; 
situations by Arthur US physicist John Archibald publish evidence that the Gravitational waves? 
involving Eddington’s Wheeler coins the term expansion of the universe When Advanced LIGO 


comes online, it should 
open up a new area of 
gravitational astronomy by 
detecting gravity waves. 


is accelerating, driven by an 
unknown force named dark 
energy, which could have 

key implications for gravity. 


‘black hole’ as part of his 
description of the way 
general relativity describes 
collapsing stars. 


1919 observations of 
gravitational lensing, while 
viewing a solar eclipse from 
the island of Principe. 


gravitational fields and 
those involving constant 
acceleration are actually 
physically identical. 
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The LIGO control centre in 
Washington, US, where scientists sort 
through faint signals from deep space 
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Principal investigator for the GEO6O00 project, Professor Bernard 





Could you explain exactly what 
gravitational waves are? 
Glebe luleverU ec hV cows cod: ener i har! 
very simple concept - they arise 
because nothing can travel faster 
than the speed of light, including 
the influence of changes in gravity. 
Gravity is always changing wherever 
we have masses - the sources of 
gravity - moving around, but those 
changes aren't felt instantaneously at 
a distance. Instead, they spread out 
at the speed of light through space - 
gravity waves are simply the effect of 
those changes finally reaching us. 
Einstein’s theory describes 
gravity in terms of the curvature 
of space-time and you can think of 
gravitational waves as little ripples 
spreading across curved space-time. 
The challenge is to find changes 
on a short enough timescale - most 
astronomical events happen slowly. 


Can you tell us a bit about the 

CRM woe cei 
Gravitational Wave Observatory? 
The project was approved in 1992 
and always involved a two-stage plan 
with different levels of sensitivity. 
Between 2005 and 2010 they 

had two observing runs. As well 

as instruments in Louisiana and 


Bre. 


Washington State, the project works 
in conjunction with the VIRGO 
detector in Italy and GEO600, which 
is a German-British collaboration. 
The scientific community 
worldwide worked on analysis, and 
after thorough examination they 
found no evidence of gravitational 
waves, but we didn’t expect to 
detect waves at this first level of 
sensitivity. The point of this was to 
do the engineering and sort out the 
operational side of things. 


Can you explain the principle 
behind these different detectors? 
They all operate on the same basic 
principle of interferometry; each 
detector sends laser light up and 
down two perpendicular arms. It 
goes up to the far end, bounces off 
a mirror, gets reflected back and 
you look at the interference patterns 
between the waves when they come 
back. The mirrors are suspended 

on a complex assembly that isolates 
them from external influences but 


still enables them to move. When a 
gravitational wave comes through, they 
should shift by very tiny amounts - 
perhaps 1/1,022 of the four-kilometre 
[2.5-mile] arm length. The mirrors in 
each arm typically move in different 
ways and as a result the paths of the 
two light beams get longer or shorter, 
so the interference pattern changes. 


How does the second phase improve 
on the original? 

The upgrade, called Advanced LIGO, 

is mainly about reducing noise - 

we've already evacuated the tubes 

and isolated the mirrors from the 
environment, but there are still 
random factors we can reduce such as 
friction between the mirrors and their 
supporting wires. The other major 
thing is an increase in laser power - 
the more light you have generating 

the interference pattern, the more 
accurately you can measure it. The 
original LIGO was capable of measuring 
1/1,021 of its arm length and the new 
one is ten-times better. 


. Schutz, tells us about the hunt for the elusive gravitational wave with 
. the LIGO collaboration's giant detectors 


What kind of objects do you hope 
to detect? 
At both stages we're looking for 
neutron stars or black holes in binary 
systems that may spiral together 
and merge. These are rare events 
throughout the universe - the first 
stage of LIGO could have detected 
a neutron-star merger out to the 
distance of the Virgo Cluster (20 
megaparsecs), but the final phase 
of the merger is what generates the 
intense gravitational waves, which 
happens in less than a minute. 

We think these mergers happen 
in a galaxy like our own maybe 
once in 100,000 years. So you need 
something like 100,000 galaxies 
within range of your detector before 
you really have a chance of seeing 
these things regularly. The Virgo 
Cluster has about 1,000 galaxies, so it 
pLUriamiie-ljeM an oes an e)b leds MMO LeI MAU alos AAY(o 
extend our sensitivity by a factor of 
ten we could bring a million galaxies 
within range, so we'd expect to see 
tens or more of these events yearly. 


“The challenge is to find changes on a short 
enough timescale - most astronomical 
events happen slowly” 


www.spaceanswers.com 


© XXXXXXX | XXXX 
© NASA; Alamy; ESA; LIGO; University of Warwick/ 


Mark A. Garlick; Humboldt State University 





Take your first steps into 
exploring the wonders 


of the universe! 





STARTER TELESCOPE 


” mirror telescope with table mount, finder scope and two eyepieces. 


d=76mm, f=300mm, included 12.5mm eyepieces (75x magnification) and 
4mm eyepiece (24x), accepts standard 1.25” eyepieces. Very easy to set up and use. 


. . Visionary binoculars and telescopes are manufactured and 
distributed by Optical Hardware Ltd and are available from 
your local stockist. For more information, and to find your 

nearest Visionary stockist visit 


www.opticalhardware.co.uk/stockists 
All models and offers are subject to availability. Prices and 
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Inside a rocket engine 


Inside a rocket engine 


How fuel and machinery combine to send vehicles into the cosmos 


Rocket engines are marvels of modern technology. 
They have to be, in order to propel missiles, satellites 
and spacecraft thousands - and sometimes hundreds 
of thousands - of kilometres from the Earth. They 
operate by using the principles of Isaac Newton's 
third law of motion: “To every action there is always 
an equal and opposite reaction: or the forces of 

two bodies on each other are always equal and are 
directed in opposite directions.” In other words, 
rockets are reaction engines - they provide thrust, or 
propulsion, by expelling mass in the form of exhaust. 

Most rocket engines expel a high-pressure gas, 
essentially throwing it in one direction to create a 
reaction in the opposite direction. Fuel is combusted 
in the engine under high pressure, forcing exhaust 
through the nozzle. This then accelerates the 
exhaust to high speeds - between 8,000 and 16,000 
kilometres (5,000 and 10,000 miles) per hour - 
producing a reaction in the opposite direction. Unlike 
a jet, rocket engines can operate in the vacuum of 
space, but to do this, they require both a fuel and an 
oxidizer solution, which is the chemical required for a 
fuel to burn (obviously, in Earth’s atmosphere, oxygen 
is the oxidizer). 

There are many different varieties of rocket 
engine designs, but the two basic types use either 
liquid or solid propellants. Most rocket engines 
used on spacecraft are liquid-fuelled, but there are 
some applications - such as the rocket boosters 
once used on NASA's Space Shuttles - that use 
solids. Solid-fuelled rockets are also used in model 
rockets, fireworks, missiles and some low-Earth-orbit 





applications. There are also hybrid rocket engines 
that combine the two different states. Solid-fuelled 
rockets perform more reliably on short notice 

and they can be stored for longer periods of time. 
However, they don't provide the kind of thrust 
needed to launch large satellites or space vehicles 
and they can't be controlled or stopped once ignited. 
This is why liquid-fuelled rockets are needed for 
heavy lifting and long distances. 

Solid rockets have been used since the 13th 
century and have their origins in China, using black 
powder, or gunpowder, as the fuel. The first modern 
version was pioneered by American physicist Robert 
Goddard, who made a more-efficient and stronger 
solid rocket by attaching an asymmetric hourglass- 
shaped nozzle called a De Laval nozzle. Modern 
solid-fuelled rockets - with the exception of model 
rockets - don't typically use gunpowder, which is a 
mixture of potassium nitrate, carbon and sulphur. 
The potassium nitrate is an oxidizer, while carbon 
and sulphur are the fuels and the mixture of fuels 


and oxidizers varies depending on the type of rocket. 


Basic solid rockets comprise of a casing filled with 

a fuel and oxidizer mixture that has a hollow tube 
drilled down its centre, an igniter and a nozzle. Upon 
ignition, the fuel burns outwards towards the walls 
of the casing and its exhaust is forced downwards 
through the nozzle. 

Goddard is also credited with flying the first 
liquid-fuelled rocket in 1926, using gasoline as fuel 
and liquid oxygen as the oxidizer. This bipropellant 
system remains the most common type of liquid 


Five amazing modern 


rocket engines 











rocket, although there are different fuels and 
oxidizers in use. The two components are pumped 
or fed by means of high-pressure gases into a 
combustion chamber within the casing. They are 
ignited and burn to generate a high-pressure and 
high-velocity gas that flows through the nozzle, 
which further accelerates them before they leave. 

This sounds simple, but liquid-fuelled rockets can 
be quite complicated, as there has to be a means to 
drive the pumps that move the fuel and oxidizer 
into the chamber. Also, the fuel or oxidizer (or both) 
typically needs to be kept extremely cold in order 
to remain in a liquid state. This means that the 
interior of a liquid-fuelled rocket is full of tubes and 
pipes. The modern-day liquid-fuelled rockets also 
have active control systems that enable directional 
changes and course corrections. 

Liquid-fuelled rockets require a lot of propellant 
- which can comprise more than 90 per cent of 
the spacecraft's total mass. To reduce the overall 
weight and provide enough thrust to achieve high 
altitudes, there are often multiple rockets as part of 
a launch. As soon as a rocket uses up its propellants, 
it falls off and the next rocket ignites. Current rocket 
engine research seeks to find ways to reduce weight, 
improve thrust and increase the speeds at which we 
can reach distant regions of the Solar System. One 
way is to abandon the chemical propulsion system 
entirely and look towards nuclear fusion-powered 
rockets. NASA is exploring how we could harness 
this technology to reach Saturn in a matter of months 
instead of years. @ 





Merlin 1D 

Developed by SpaceX, the 
Merlin 1D uses RP-1 and LOX 

in a gas-generator cycle and 
provides more than 667 
kilonewtons (150,000 pounds- 
force). It was first used on 

the Falcon 9 rocket to launch 
Canada's CASSIOPE satellite on 
29 September 2013. 
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Atea-1 and 2 

New Zealand's first home- 
grown rocket was developed 
by Rocket Lab Ltd and used a 
new type of hybrid propulsion 
- a polymer-based fuel with 
liquid nitrous oxide. Atea-1 first 
launched on 30 November 
2009 and will be used on 
sounding rockets. 


Soyuz-2 

The Soyuz-2 is an RP-1 and 

LOX propellant system that 
replaces older versions for the 
Russian Federal Space Agency. 
It features digital flight control, 
upgraded engines, improved 
injection systems and has so far 
launched numerous satellites 
into Earth orbit. 


Vulcain 2 

The most recent version of 
the Vulcain engine is currently 
used on ESA's Ariane 5 
rockets, which launch payloads 
into low-Earth orbit or 
geostationary orbit. It features 
liquid oxygen as its primary 
oxidizer and liquid hydrogen 
cryogenic fuel. 


RS-68 

The RS-68 is the largest 
hydrogen-fuelled engine in the 
world and is used on the Delta 
IV rocket. This has launched 
satellites and in September 
2014 will be used by NASA to 
launch EFT-1, the first uncrewed 
test flight of the Orion Multi- 
Purpose Crew Vehicle. 
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Inside a rocket engine 
i __ 
® Turbine 


This rotary turbine drove the 
pumps for both the fuel and 


F-]- Th the oxidizer, to feed them into ® Oxidizer pum 

e = e the thrust chamber. This pump ee ie 

world Ss oxidizer, liquid oxygen (LOX), 
into the thrust chamber. 

most 

powerful 

@ 
engine 











® Gimbal 
The gimbal at the top of the 

engine transmitted the thrust 
from the engine to the rest of 
the rocket. 
















Take a look 

inside the 

rocket engine 

that was used 

to power the 

Saturn V from 

1967 to 1973 ® Gas generator 
This gas generator powered 
the turbine that in turn drove 
the pumps for both the fuel 
and oxidizer. 

Fuel pump @ 


This pump injected the 
fuel - a highly refined form 
of kerosene known as RP-1 

(Rocket Propellant-1) - into the 
thrust chamber. 


® Oxidizer dome 
This dome moved the LOX 
into the pump to prepare it for 
injection into the chamber. 


Oxidizer and fuel valves @ 
These valves released the 
oxidizer and fuel into the 
engine proper for circulation. 
Some of the fuel circulated in 
tubes around the outside of 
the nozzle first to cool it. 


® Thrust chamber 
The fuel and oxidizer met and 
ignited here. The Saturn V 
® had five F-1 engines on its first 
= Stage, generating a total of 
X } 6.7 meganewtons (1,500,000 
pounds-force) of thrust. 





® Nozzle extension 
~ This extension improved the 
efficiency of the engine by 
increasing its area ratio - the 
area in which the exhaust can 
expand - from 10:1 to 16:1. 


Turbine exhaust @ 
manifold 
The manifold fed the exhaust 
from the turbopump into the 
nozzle extension, coating it 
with a cooler gaseous layer 
that helped protect it from the 
exhaust gas. 





© Adrian Mann; SpaceX; 
NASA; Safran/Snecma; Youtube 


Www.spaceanswers.com . 41 





a fe us nee apa greretal Seis suena ener many unexplained 
Agee PENS os of space, but also some fascinating theories behind them. 


os ® 


. A. ty ) . ; , | pico by Gemma Lavender 


mo - | www.spaceanswers.com 





P , P . 3 * P t* . 
- . a * a , t 1 = ey 
C Ps iL ' 
. = = . 


z 20 unsolved cosmic mysteries 
: i 





| Does Planet X exist? 


yet unseen by us, whose gravitational 
attraction is causing the Kuiper Belt to 


quickly put to bed. However, the 
Kuiper Cliff has reopened the whole 
Planet X question once again. 


sudden drops off, quite drastically, just 
like a cliff. Meet the Kuiper Cliff - the 
unexpected outcome with no answer. 


The Kuiper Belt is a region beyond the 
Solar System that’s 20-times larger 
and tip to 200-times heavier than the 
asteroid belt. It's also littered with 


The Kuiper Belt isn't just home to 


behave in such a way. 


With the likes of Voyager and 


small.icy bodies of volatile methane, 
ammonia and water. Here the number 


small bodies - dwarf planets Pluto, 
Makemake and Haumea are also 


The idea of a Planet X turned Pioneer leaving the Solar System 


up the discovery of Pluto and for 
many years it was thought that a 
world, larger than Pluto, must exist 
undiscovered beyond it. Suggestions 
that this so-called Planet X was 
influencing Neptune's orbit were 


thrown into the mix. However some 
scientists, including Patryk Lykawka 
of Kobe University in Japan, think 
that the Kuiper Cliff can be explained 
by some planet, perhaps the size of 


of large objects should be increasing 
id atcmaebads (coma ece)breds Melo mpl<) MA v(elb! 

* move, however, that’s really not 
the case at all. In fact the complete 
Opposite happens; the belt all of a 


“For many years it was thought that a world, 
larger than Pluto, must exist beyond it” 


How do stars 
get SO massive? 


empty-handed - failing to find 
another planet - experts are once 
again becoming sceptical of the 
elusive planet. However, the chances 
of a spacecraft happening to fly 

past undiscovered worlds in such a 
vast amount of space are extremely 
unlikely, which means the jury is still 
out for Planet X until the Kuiper Cliff 
is finally explained. 


Some stars are the same size as our 
Sun, others are smaller, but there are 
some that defy all expectations. These 
stars are monstrously sized; with some 
weighing in at up to around 120-times 
the mass of our star. 

We know that the majority of stars 
begin their lives in a nursery of gas 
and dust, located in a galaxy. When 
these gigantic birthing sites, or clouds, 
collapse, a star is born. This is also 
true for stars hitting around 20-times 
our Sun's heft, which are able to suck 
in the matter that surrounds them. 
However, as they get heavier and 
heavier, astronomers have been at a 
loss as to how they form at all. 

A collapsing star of 20 solar masses 
or less is able to pull in a swirling 
accretion disk around it but anything 
more than this and a star will prefer to 
blow out radiation to such an extent 
it makes grabbing hold of the material 
to make its massive size incredibly 
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difficult. In essence, these stars are 
starving themselves of the sustenance 
they need to continue growing. 
Astrophysicists are trying to put 
together plausible models, but there 
are still gaps in our knowledge when 
it comes to how these huge stars ever 
come into existence. 

Observations have shown that 
extremely massive stars do form like 
stars of 20 solar masses or less, with 
accretion disks and matter streaming 
onto them in spite of their powerful 
radiation. One of several theories put 
forward is that older stars close by 
corral the surrounding gas with their 
own radiation, forcing it onto the 
forming giant. Another possibility is 
that magnetic fields in the collapsing 
gas cloud may be able to hold a cloud 
of potentially star-forming gas together 
until it grows so massive that it can 
do nothing else but collapse under its 
own gravity to form a monstrous star. 


* One ofthe most massive and brightest stars in 
the Milky Way, Eta Carinae, is a hypergiant star, 
dominating in this frame taken by NASA's Spitzer 
Space Telescope and the Digital Sky Survey 
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~~ Black hole 
A black hole is usually 
formed when a massive 
star dies, casting off its star 
stuff through an explosive 
supernova, before the core 
collapses under its weight. 
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Awormhole-also — 
known as an Einstein- 
Rosen bridge - 
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fabric of space-time 
and is capable of 
transporting material 
to the past. Its future 
lies with the.black hole. 
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well that behaves 
like a cosmic plug 
hole and sucks 

everything inside. 
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Bring up a conversation about what lurks in 

our universe and black holes are likely to come 

up. These exotic heavyweight objects use their 
incredibly strong gravity to lure everything from 
stray chunks of gas and dust to light into their vice- 


like clutches. So-called white holes, however, will 
rarely enter anyone's minds, because, as of yet, we 


As you may have guessed, white holes are 
the time-reversal - or opposite - of their dark 
counterparts, effectively separating them from their 
black hole cousins. Nothing can enter a white hole, 
but matter and light can escape it - the exact reverse 
of a black hole. 

Technically they're not stable enough to exist 


feelings about them. Some think that they could be 
the end point of a wormhole - a portal - that begins 
at a black hole, while others have suggested that the 
Big Bang began as a white hole. Others still aren't 
too intent on finding them and think that they're 
entirely imaginary, simply helping us to explain 
lbh ey een Molaro) e(acm Dement sel coll eae Ample laser The lasce 


can’t find any evidence for their existence. 


The ribbon in 
both high and e 
Be loyiacacre)ibia(eysme ee 


but, across the board, many scientists have mixed 


the search for white holes will continue. 


What is the IBEX ribbon? 


When NASA’s Interstellar Boundary Explorer 
(IBEX) satellite launched to put together a map of 
the gateway that separates our Solar System and 
interstellar space - the void where stars and their 
planetary systems are lacking - scientists got more 
than they bargained for. Surprisingly, the spacecraft 
found a narrow ribbon of highly energetic neutral 
atomic emissions. 

The boundary where the Solar System meets 
interstellar space is invisible, emitting absolutely 
no light that's visible to the conventional telescope. 
Particles streaming from the Solar System, however, 
are able to bounce off the boundary, causing the 
neutral atoms to stream inward of their impact. 
With these atoms serving as fingerprints, IBEX 
was able to detect a vast ribbon dancing across this 
boundary. The evidence suggested that this ribbon 


was made of many more-energetic neutral atoms 
than the surrounding areas, but scientists have had 
a big task in figuring out why. 

Putting together a theory hasn't been simple; 
earlier interpretations had to be built on and new 
ideas added. What's more there have been theories 
that directly compete with one another. 

One new theory suggests that the ribbon exists 
in a special location where neutral hydrogen atoms 
of the solar wind cross the local galactic magnetic 
field. Here, the neutral atoms aren't affected by 
the magnetic fields but when their electrons are 
stripped away they transform into charged particles 
that respond to these fields and can be fired back 
towards the Sun. If they're able to pick off the 
electrons they lost at the right time - changing 
them to neutral - it might explain the ribbon. 


www.spaceanswers.com 





Turning his home-made telescope 
to the heavens in 1781, brilliant 
astronomer William Herschel 
uncovered the seventh world from the 
Sun, Uranus. Originally he thought 
that he’d found a comet and reported 
it as such over a month later. However, 
suspicions that Herschel's finding was 
indeed a planet came thick and fast 
from astronomers as far out as Russia. 
Herschel had indeed found Uranus. 
Herschel's records implied he had 
witnessed the ice giant's ring system 
in 1797, which should have been 
impossible - the rings are far too faint 
to be seen by amateur telescopes. 
It wasn't until 1977 that the rings of 





This image, taken using the Hubble 
Space Telescope, displays Uranus’ rings. 
However, could Herschel have observed 
them as early as 1797? 


‘oye «lone 
galaxies wind up? 


We've all wound a piece of string 
around our finger or needed to roll 
up a ball of wool after our cat has 
unravelled it. The key idea here 

is that by creating some type of 
rotation, we're causing this wool or 
string to tighten, or wind up neatly, 
eventually leaving you with no 
more yarn to wind. So, given that 
spiral galaxies are rotating, why isn't 
this happening with the arms that 
branch from their glowing centres? 
The problem we're facing is the 
so-called winding dilemma. 

Scientists are certain that galaxies 
don’t rotate as one - or as a rigid 
body - and this is what makes the 
way these spiral structures, spinning 
in the vastness of space, all the more 
bizarre. Experts reason that, since 
galaxies are moving differentially - 
that is, while each and every star, gas 
and clump of dust within a galaxy is 
moving at the same speed, objects 
further from the centre take longer 
to complete a lap - you would expect 
the parts of the arms closer to the 
middle to wrap around the centre 
faster than the outer parts, slowly 
winding up. 

If this were the case, our universe 
would be littered with galaxies 
whose arms had tightened, just like 
cotton around a reel. However, even 
a casual glance out into the universe 
is enough to tell us that this isn't so. 


After some thought, scientists 
have tried to partially explain the 
problem by visualising the arms of 
a galaxy being pulled into shape 
by spiral density waves. Chunks of 
gas and dust are squeezed by these 
waves, often birthing new, young 
stars, before moving onto the next 
CIAL M A Nome LOL Me enISMSI OI Islam eas 
entire story and astronomers have 
opened up another can of worms 
by questioning the origin of the 
waves in this theory. Where did they 
come from? Right now, your guess is 
nearly as good as theirs. 


www.spaceanswers.com 


20 unsolved cosmic mysteries 


Did Herschel see 
Uranus rings? 


Uranus were discovered during an 
occultation, when Uranus moved 
in front of a star from our point of 
view. Uranus blocked the starlight, 
but scientists found that the star 
disappeared from view five times, 
pointing heavily to two rings around 
Uranus (subsequent observations have 
shown Uranus has 13 dark, faint rings). 
How could Herschel have seen the 
rings 200 years before, given that his 
telescope wasn't powerful enough 
to see them as they are now? Had 
something caused them to brighten at 
that time, or was Herschel's observation 
in error? Whether he really saw the 
rings or not is a mystery of history. 


“Just why 
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the OMG 
particle? 


An ultra-high-energy cosmic 
ray became known as the OMG 
particle when it streaked close to 
the speed of light into the path of 
the University of Utah's Fly's Eye 
Cosmic Ray Detector. Astrophysicists 
couldn't explain this cosmic ray of 
energy comparable to 40 million- 
times that of the highest energy 
particles that have ever been made. 
Experts think that the cosmic ray 
takes the form of a rare high-energy 
proton. The phenomena has been 
witnessed 15 times and its energy 
is about 20 million-times more 
powerful than radiation spewed by 
extragalactic objects. 





What 
happened 
to the Wow! 
signal? 


Detected by astronomer Jerry 
Ehman in 1977, as part of a 

project involving the Search for 
Extraterrestrial Intelligence (SETI), 
the Wow! signal was a strong radio 
burst that got its name after Ehman 
wrote ‘Wow!’ on the print-out from 
the observatory computer that 
recorded the signal. 

Relating it to a signal that we'd 
expect from interstellar space, 
Ehman and others attempted to 
find the 72-second signal, but it 
never resurfaced. Was it a message 
from aliens, a radio echo from a 
terrestrial source or an unidentified 
phenomena? 
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ESA's Rosetta spacecraft gets a buzz 
of energy from our planet 


9 Why do 
spacecraft 
speed up 


near Earth? 


When spacecraft pass the Earth, 
they get a buzz from it and 

this sudden boost makes them 
speed up, but what's causing it? 
Nobody really knows the answer. 
Even researchers at NASA's Jet 
Propulsion Laboratory have 
thrown up their hands, hoping 
that the world's physicists would 
come up with an answer. That 
solution doesn't seem to have 
arrived yet, although we've come 
to expect what we refer to as the 
flyby anomaly. 

It first happened when the 
Jupiter-bound Galileo spacecraft 
broke into a sprint when it swung 
by our planet in 1990 and 1992, 
followed by NEAR in early 1998 
and then Cassini in 1999, while 
the Rosetta spacecraft also 
experienced the same boost. 

The most obvious boost in 
speed, which changed a good 
13 millimetres per second more, 
was recorded for the Near 
Earth Asteroid Rendezvous - 
Shoemaker (NEAR Shoemaker) 
spacecraft. Scientists figured that 
the anomaly was much too big to 
be explained by Einstein's general 
theory of relativity. However, 
arming themselves with a variety 
of suggestions, some experts 
think that they might have the 
answer, suggesting that the 
anomaly could be due to the 
Earth's spin on its axis. There 
could also be some type of dark 
matter halo around our planet. 
The possibilities keep coming, 
but the answer that fully fits the 
problem is as yet still unknown. 
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Just when we thought the universe 
was complicated enough as a single 
entity, along comes the suggestion of 
a multiverse; the possibility of more 
than one universe connected to our 
own. These universes could hold some 
ola sLomNOh Ce (ocMO Mele mm iaatescenrlic 
cosmos, directly multiplying its 
complexity many times over. 

The idea of alternative, or parallel, 
universes has come under fire with 
cosmologists regarding the theory 
as loosely scientific, querying how 
the idea of a multiverse could be 
tested, exactly. Others suggest that 


James originally coined th 


term “multiverse” 


Do we live in a multiverse? 


to even consider what they regard as 
unobservable universes aggravates 
Occam's Razor - the notion that among 
competing suggestions, it's the idea 
with the fewest assumptions that 
should reign triumphant. In short, 

you would need to assume a lot for a 
multiverse to be feasible. 

However, not everyone has blasted 
the idea, with some taking the concept 
as a cue to investigate its validity. 
Experts are scanning the cosmic 
microwave background radiation - the 
relic emission that crackled behind 
the contents of the universe when 


Theorists are currently trying to work 
OSA UY SE Butlin are 





it was breathed into life - for disk- 
like structures that could point out 
collisions between our universe and 
others. Results brought to the table 
by ESA’s now defunct Planck space 
observatory have pointed to these 
cosmic bruises and present the idea 
that our universe crashed into the 
others at least four times during its 
long history. 

However, until more evidence 
is found, the concept of us in our 
historical universe being repeated 
many times over in many other 
universes will have to wait. 
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11 Is there extraterrestrial life? 


This question must be the most-often asked when 
we think about the expanse of the cosmos. If Earth 
has the right conditions to support life, then surely 
there must be the perfect environment for life to 
exist elsewhere, not just in our galaxy but beyond its 
confines. We are clearly interested in looking for life 
as we know it, but when they talk about life in the 
universe, astronomers warn us not to limit ourselves. 
Microbes and bacteria that survive quite happily in 
the most extreme environments - whether they're 
Sweating it out on a very heated world or shivering in 
a freezing-cold climate - are also classed as life. 


12 Why do 
Venus and 
Uranus have 
odd spins? 


sounds very far-fetched. 











Great collisions 

\ in Venus and 
Uranus’ history 
could have 

given them their 
unusual rotations 


This, you'd rightly think, makes it more feasible 
that there's life out there. However, since we have 
no concrete evidence that other beings - as or more 
intelligent as us - have attempted to communicate 
with Earth, expecting extremely simple microbes 
to let us know they're living on a distant exoplanet 


This is why we use Earth as a template when 
trying to figure out if there's life on other worlds. 
Lake Vostok in Antarctica easily passes for the 
freezing conditions on Jupiter's moon Europa 
and the hot springs at the USA's Yellowstone 


National Park could represent an extremely heated 
environment - these are the keys in helping us to 
figure out how microbial life forms tick. Not only 
that, but we also look for signatures of molecules 
that tell us someone's at home - methane, oxygen 
and water being the favourites. Several exoplanets 


have revealed these tell-tale signs along with being 


Grab a bird's eye view of our Solar 
System and not only will you get an 
appreciation for its sheer size, but you'll 
also notice that there are a couple of 
celestial odd balls. 

When the Solar System was made 
from the swirling pancake of gas and 
dust that would later clump together 
to make the planets, this industrious 
construction yard in space threw the 
planets on a counterclockwise orbit and 
axial spin. Venus might follow suit in its 
orbit, but its rotation is opposite to the 
other planets. 

Further out rests Uranus, which 
probably collided with another body in 


at a favourable distance from their star to support 
liquid water but, without an advancement in our 
technology and the launch of devices such as the 
James Webb Space Telescope, we are unable to lock 
down that life exists for sure - at least for now. 


the early Solar System, causing it to roll, 
rather than spin, around the Sun. 

So what happened to these two 
worlds to set them apart? There are 
several theories, but the most widely 
accepted is that some dramatic event 
occurred while the planets were 
being formed. In the case of Venus, 
it's possible that it absorbed another 
body, causing it to have more mass, 
resulting in a greater speed and an 
altered rotation. The same could have 
happened to Uranus, whose moons 
could have resulted from matter being 
dredged up and flung into orbit around 
the developing gas giant. 
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20 unsolved cosmic mysteries 





Why is 


lapetus 


walnut-shaped? 


Take a look at Saturn's third-largest moon, 
Japetus, and the first thing you'll probably notice 
is that the ringed planet's satellite has a ridge 
that makes it look like an oversized walnut. 
This bizarre appearance is caused by the 
seBLO)bNNecVonLeLe lowe: lelexoman relma \sr-)e)cw- Ie le bale BLES 
equator. This ridge is like no other in the Solar 
System; it rises from the icy surface, reaching up 
to 20 kilometres (12.4 miles) high and pans out 
to be 200 kilometres (124 miles) wide. It's also 
thought that this enormous ridge could take up 
about 1/1,000 of Iapetus’ mass. We know a bit 
about the physical features of this mountainous 
range but something that experts don't know, 


However, despite being quite isolated in places, 
the range seems to follow Iapetus’ equator almost 
perfectly. This makes the puzzle even more 
intriguing, especially since it mainly lies in the 
dark Cassini Regio region. 

Scientists behind Cassini have made some 
suggestions: did Saturn’s minion become squashed 
down thanks to rapid rotation in its younger days? 
Did it once have a ring system during its formation 
that eventually collapsed onto the moon's surface, 
creating the ridge we see today? The theories keep 
coming, but they have so far been 
unsuccessful in explaining 
this confusing moon's 


and have wondered ever since NASA’s Cassini unconventional = 
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spacecraft grabbed sight of it in 2004, is exactly Sebel elen Cos. _ 
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“The range seems 
Koco) i Ceyyas ter simelcy 
equator perfectly” 


14 Was there life on Mars? 


Trundling along the surface of the 


Red 
to 
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Planet, occasionally stopping 
Sample and probe the Martian 
soil, the rovers Opportunity 
and Curiosity are busy at 
work trying to discover, 
among other things, if Mars 
was once ever capable 
of supporting life on its 
stretches of solar wind- 
stricken land. 
Many a mission has 
brought us snippets 
of information that 
would remain otherwise 
unknown about the Red 





Planet if we hadn't sent these scouts 
to the surface to search for clues. 

It's been hinted that Mars might 
have been very much like Earth in 
its earlier years. When the planet 
lost its magnetic field, Mars began 
to degrade, becoming awash with 
stronger radiation after losing its 
atmosphere to the solar wind. This 
left the barren, possibly lifeless world 
as our next-door neighbour. 

In 2013 Curiosity’s inboard 
instruments hit upon something - 
the key ingredients for life including 
oxygen, nitrogen as well as clay 
minerals that suggest a lake or 


ancient streambed that could have 
existed long ago and was neither 
neutral or too salty. Evidence for 
an Earth-like world was further 
hardened when the rover found 
signs of an ancient freshwater lake 
that could have been the home of 
simple lifeforms such as bacteria. The 
flowing of liquid water on the surface 
of Mars suggests that a magnetic field 
once shielded it from radiation. 
Clearly this doesn't suggest that life 
ever inhabited Mars and until we find 
further evidence of it, the question 
of whether life lived happily on the 
ruddy soil still remains. 
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How did Earth keep warm 
if the Sun was 20 per cent 
fainter during eur planet's 
early years? 





— 


How did 
liquid water 
ame) e meals 
elblalem oe lanate 


When our planet was young, it would 
have been showered with light that 
was only 70 per cent the intensity 
that our Sun emits now. What this 
means is that the Sun was quite faint 
and, according to astronomers such 
as Carl Sagan and George Mullen in 
1972, it wouldn't have been able to 
support water in a liquid consistency, 
but more of a frozen one. This is what 
astronomers refer to as the Faint 
Young Sun paradox. 

Teams of scientists from all over 
the world have traced back into the 
Earth's early years and suggested that 
its atmosphere could have harboured 
more greenhouse gases. Choking 
carbon dioxide might have been 


higher as well as the pressure by 
about ten times. Methane might well 
have also been extremely prevalent, 
actively driving the greenhouse 
effect and reacting with oxygen 
to manufacture even more carbon 
dioxide along with water vapour. 
Other researchers have since come 
forward stating that a high pressure 
along with carbon dioxide might 
well have been high enough to stop 
our young planet from freezing 
over. Others have suggested a cycle 
that could have stopped to bring ice 
age periods and start back up again 
thanks to the eruptions of volcanoes 
spewing out carbon that warmed the 
atmosphere in a greenhouse effect. 
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The Compact Muon Solenoid (CMS) detector of the Large 
Hadron Collider is helping us to figure out where the 


antimatter went  ] 
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The unequal amount of antimatter 

to matter ratio in the universe might 
be one of the top mysteries of the 
cosmos, but without there being more 
matter than antimatter, there would be 
no galaxies, no stars, no planets and 
certainly no us. 

The Big Bang was supposed to 
make equal amounts of matter and 
PIALSURBPeLGRcemAUaLWNBNEcIAKcy MMM elomere [Orc H eB 
yet opposite material to matter and 
AV ales ema Ucayareelo\ci mB Ucayare DODBHEBNOP-IKcmEO 
produce radiation. This is where things 
take an unexpected turn - if there 
were equal amounts of matter and 
antimatter and they annihilated, then 
there would be nothing but radiation 
filling the universe. One look around 
us tells us they clearly weren't in equal 


quantities, so why are we left witha 
surplus of matter? 

Theorists have come up with two 
plausible solutions. One explanation 
- according to the likes of the people 
behind the Large Hadron Collider at 
CERN - showed that one particularly 
exotic particle known as the Kaon 
morphed into its antiparticle more 
o)ACcIO OBE DOI US (ow Rca clec(om l= 10) elon ce ma 
tiny imbalance between matter and 
antimatter would have been evident. 

The second is that it might have 
been plausible the two populations of 
opposite particles avoided their fatal 
grasp - could there be anti-galaxies, 
anti-stars and even anti-life out there 
making a mirror image of our universe 
and the objects in it? 
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Why is 
the cosmos 
six-times 
louder? 


The cosmos sometimes has bursts 
of sound through the medium of 
radio waves first picked up by the 
Absolute Radiometer for Cosmology, 
Astrophysics and Diffuse Emission. 
The NASA-built receiver attached to 
a balloon was released to the skies 
on the hunt for radio signals from 
Stars and galaxies. What it got was 
a gigantic boom about six-times 
stronger than predicted. 

This is too loud to belong to 
the stars and galaxies, a squeak in 
comparison, and it's interfering with 
our view of the universe. 





Why are 
there fewer 
heavy 





elements? 


The cosmos wasn't meant to have 
been entirely sparing with the 
amount of elements heavier than 
hydrogen and helium - in particular 


lithium-7 - that it was meant to have 


made after the Big Bang. It's not just 
a small amount that’s missing, but 
quite a huge chunk according to a 
closer look at studies of old stars 
that populate the outskirts of the 
Milky Way. 

The Small Magellanic Cloud 
has the right amount the Big Bang 
predicts, leaving a confusing twist: 
this small galaxy must have started 
its life with less lithium than it 
should have. 
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'— What cleared the universe fog? 


Around 13 billion years ago every 
corner of the early universe was 
swathed in a thick hydrogen fog, 
immediately after a time where there 
was So little light because the fog 
completely blocked out any available 
light from the very first stars. 

This fog enabled the makings of 
not just stars, but galaxies and black 
holes. The idea is that something 
began to burn off the cosmic mist 
in what is known as reionisation, 
where protons and electrons became 
so cool that they were attracted to 


Cloud 
tops 


Liquid 
hydrogen 


one another, pulling themselves into 
atoms of hydrogen and suddenly 
photons could travel freely through 
the universe. A few hundred million 
years later, atoms were stripped of 
their electrons and forced apart by 
the cosmos’ expansion, preventing 
them from recombining and causing 
the fog to disappear. It’s thought 
that ultraviolet light thrown out by 
the first stars could possibly be the 
culprit, but were enough stars being 
created at the time? Was the light 
from active black holes to blame? 





Combine this question with the 
fact that our telescopes are pushing 
to the limits of how far back they can 
look and the mystery thickens. Some 
astronomers have attempted to find 
a way around the distance issue by 
observing galaxies where reionisation 
has just finished on their outskirts. 
New discoveries are revealing a 
population of faint, small galaxies that 
are 100-times more common than 
the larger galaxies and these could 
have provided the stars and radiation 
necessary to reionise the universe. 


Metallic 
hydrogen 


Gaseous 


Core 

Scientists are unsure of 
what's at the centre of gas 
giants like Jupiter. Some 
believe that its core is dense 
with a mixture of elements. 


What's at the centre 
of the gas giants? 


When we think of the gas giants, some 
often imagine them as great spheres 
of gas and ice through and through, 
with no solid ground for missions to 
land but to instead become squashed 
under the intense gaseous pressures 
of their atmospheres. According to 
current theories, however, it's thought 
that these gaseous limbs of the planets 


must be wrapped around some core, 
but what this core is made of is a bit of 
a puzzle. With missions unable to find 
out for us, as they'd likely perish in the 
planet's unforgivable atmosphere, we 
can only really look to our models and 
the fact that the outer planets generate 
magnetic fields, which indicates a core 
of some description. 


Current ideas point to heavy molten 
materials such as a metallic form of 
hydrogen surrounded by a layer of 
high-pressure ice. In Jupiter's case, 
getting closer to the centre finds you 
experiencing higher temperatures and 
pressures, implying that the core must 
be quite slushy and consist of both 
liquid and solid. 
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Seeing inside stars 


seeing 





inside stars © 


To really understand a star's heart, we need to listen to the music it makes 


Ask anyone what a star looks like on 
the outside and you're most likely to 
get a deluge of answers from a wide 
range of people. Some may say that 
their surfaces are bright, throwing out 
light into outer space, while others 
may make references to our Sun, going 
into detail about the sunspots and 
solar prominences that erupt from its 
bubbling surface. Some might refer to 
the types of stars - from the massive 
red supergiant all of the way down to 
the glowing hot stellar remnant that 
we recognise as the white dwarf - and 
how their colours compare. The point 
is that the majority of individuals that 
you end up asking will have some idea 
of what a star's surface looks like. 
However, what does the inside of a 
star look like? Ask this and you might 


not get such a flurry of answers, so 
this is where asteroseismology is 


attempting to plug the knowledge gap. 


Put simply, this is the study of a star's 
pulsations to define just what's going 
on inside these gaseous structures 
The discipline is very similar to how 
seismologists probe the interior of 
our planet. These experts study the 
oscillations of earthquakes to build a 
picture of its core, mantle and crust 
aS Waves propagate through the 
menagerie of materials that our planet 
is comprised of. 

However, inside a star there's 
a whole different process at play. 
Stars can reach incredibly high 
temperatures of many millions of 
degrees and their cores are akin to 
gigantic furnaces that burn elements 


“Stars can reach incredibly 
bn temperatures of many 
mi 


A aes 


o Star's picture 


A star's light tells us which parts of the 
star are moving towards us (blue) and 
which are moving away (red) 


oy) 


lions of degrees” 


Building a 


Taking a closer look at a star's 
spectrum - that's created by 
the light it throws out - reveals 
dark lines where particular 


Bi / wavelengths of light have been 
absorbed ina star's atmosphere. 


From these lines, astronomers 
are able to get an idea of how fast 
a Star's surface is pulsating - giving 
experts the key to probe their 
structures. They have observed the 
Star's shifts, which are created by the 


into new ones. It's this heat that 


drives waves through the star, causing 


it to pulsate and making it seem as 
though the stars are singing. 

This means the way to a star's 
heart is to listen to the music made 


by these great industrious balls of gas. 


In order for asteroseismologists to be 


able to peer through the many layers, 
all of the way down to the core, these 
experts have to attend something of a 


stellar concert. 

However, unlike the comfortable 
setting of an opera house, 
astronomers don't use their ears to 
listen to, or more precisely monitor, 
the hum of the stars - they're not 
your standard performers and this 
isn't your usual orchestra. The art of 


building an image of a star's interior is 
seeing how the sound waves vibrating 


through its innards cause the surface 
to slightly vary its brightness. So, 
since the Kepler Space Telescope 
stares at the stars constantly, it can 
monitor these slight flickers. 


change in frequency of the emanating 
light waves. 

When it comes to looking at a star's 
Stellar spectrum, light can be seen 
to either move away or towards the 
observer - this means that particular 
regions of the stellar surface are either 
being red-shifted or blue-shifted. 
What's left behind is a much clearer 
picture of what’s happening on the 
outside, which is the key to unlocking 
a star's secrets on the inside. 





The way the stars vibrate and 
the time it takes for the vibrations 
to ripple through them depends on 
each body's interior structure. In the 
Same way that seismologists are able 
to learn about the interior of Earth 
Webel ecmronco NN OR AV ocMES (oI lmao 
tell us about the density, temperature 
and size of the layers inside stars. 

In particular, we are able to probe 
into a star's sweltering core, the 
radiative layer that envelopes it and 
where energy is radiated away, as well 
as a convective layer that comprises 
the star's outer shell. Here energy 
takes the form of heat as convective 
waves, spitting out photons - particles 
of light - that race through the 
vacuum of space. 

As we know, stars come in a variety 
of types, so it follows that they sport 
charm tarcm iets (e(acMA VE Daanereesicclie ls 
interiors - no matter how slight they 
are - means that their vibrations will 
each play a different tune at 
GhecceUMONlUs(e-VmeleCcm 
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Photosphere 


This is the star's outer shell, 
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Cosmos: A Spacetime Odyssey 


Cosmos: A 


Cl 





Neil deGrasse 
Tyson 

Tyson is a world-renowned 
American astrophysicist, 
author and presenter, famed 
for his many appearances on 
a variety of TV shows and his 
communication of science to 
the general public. 


Ann Druyan 

Druyan is an American 
author, producer and also 
the former wife of Carl 
astrophysicist Carl Sagan, 
with whom she co-created 
the original Cosmos 
documentary series in 1980. 
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In 1980 the legendary American astrophysicist 

Carl Sagan, alongside his wife Ann Druyan 

and astrophysicist Steven Soter, released a 
groundbreaking 13-part television series called 
Cosmos: A Personal Voyage, giving viewers stunning 
insights and information into the universe and our 
efforts to understand it. 

The show, hosted by Sagan, was seen by over half 
a billion people across 60 countries and to this day 
remains one of the most influential science shows 
of all time. Since his death in 1996, Cosmos has 
continued to attract a mass following that has seen 
Sagan attain many admirers and his legacy is just as 
apparent today as ever. 

Now, however, Druyan is hoping to emulate or 
even eclipse the success of the original show with 
a reimagining called Cosmos: A Spacetime Odyssey. 
Again collaborating with Steven Soter, the show this 
time around sees American celebrity astrophysicist 
Neil deGrasse Tyson take the reins as host. Although 
he admits to All About Space that he could never 
fill Sagan's shoes, he is hoping to bring science to a 
wide audience just as his predecessor did all those 
years ago. 

“Cosmos is so strongly associated with Carl, so 
why would anyone even attempt this, you may ask,” 
Tyson tells us. “But if you take a step back, there’s 
a different way to think about it. You can think 
about Cosmos not as Carl, but as a message for the 
viewer. The message is that science matters, our 
understanding of our place in the universe matters, 
and Carl was the messenger at the time to deliver 
that. The message is something that needs to be 
pursued and told again with our new understanding 
of our place in the universe, with new challenges that 
confront civilisation. 

“So I'm the next person to do this, rather than 
someone who's trying to replace Carl. That's how I 
look at it, I don't think of myself as filling his shoes, I 
would just fail at that, he’s Carl. But I can fill my own 
shoes - I can be a really good version of myself and 
in so doing the Cosmos legacy continues, but simply 
with a different host. That's how I look at it.” 

The new Cosmos series is a show that aims to 
convey facts and information to viewers in a way that 





Ahead of the launch of 
their new big-budget 
Space show Cosmos: 
A Spacetime Odyssey, 
host Neil deGrasse 
Tyson and producer 
Ann Druyan spoke 
with us about the 
importance of science 
and space exploration 
in the modern day 


Interviewed by Jonathan O'Callaghan 


enables them to formulate their own views on the 
universe, rather than spoon-feeding them knowledge. 
It’s a format that Tyson and Druyan have been keen 
to promote, emphasising the need to enable people 
to think for themselves rather than being told what 
is right and wrong. In the first of its 13 episodes, for 
example, viewers are shown Earth's coordinates in 
Space and time with respect to the Solar System, the 
Milky Way and further out into the universe, ending 
with the postulation that our universe might just 
be one of many universes, known as the multiverse 
theory. Alongside blockbuster effects, backed by 
executive producer Seth MacFarlane of Family Guy 
fame, the show's stunning visuals weave a story of 
not only science but history as well, telling stories of 
important scientists from years gone by in a stylish, 
animated style. 

“Remaking the show for a modern audience 
has been a thrill from start to finish,” says Druyan. 
‘It began seven years ago by first scoping out 
What stories we would tell. I had Steven Soter, my 
collaborator with Carl on the first series, so he and 


s 
——— 


The new Cosmos series 
takes viewers on a journey 
throughout the universe 
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» Cosmo: 


Cosmos boasts some 
stunning visuals to 
convey knowledge 
to viewers 


"Here's what we know about the 
universe... and here’s how it all connects” 





Tyson and Druyan emphasise the importance of giving 
viewers information to form their own opinions, rather 
than spoon-feeding them knowledge 
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I both knew what Cosmos is. We were looking for 
those stories that really had a combination of the 
emotional, spiritual and scientific. It couldn't merely 
be scientific because we wanted to really engage the 
audience in this romantic drama of a quest. 

“Cosmos is really a collection of stories about the 
search for new knowledge, adding little bricks in this 
huge edifice of science that we've been building for 
40,000 generations. It reminds me in a very moving 
and bittersweet way of the first Cosmos experience 
and creating that with Carl.” 

Much like the way we strive to make the space 
science in All About Space accessible to everyone, 
the new Cosmos show aims to reach as wide an 
audience as possible, thanks to its worldwide 
broadcasting. No topic is too great or small, ranging 
from the complexities of organisms on Earth to the 
grandiose nature of the universe. 

“Recognising that the cosmos is a concept beyond 
just the literal universe... you can figuratively think of 
it as, for example, a dew drop as a cosmos unto itself 
once you go in there,” says Tyson. “At its best I think 
the show captures for the viewer and shares with 
them the fascinating complexities of the universe 
and how it all connects. Anybody can just sit there 
and hand you information, and I think there’s maybe 
too much of that right now, because when you have 
information it's all too easy to just retell it. 

‘It’s a little harder to grab the information together 
in a way where, by the time youve done, you have 
a deeper understanding of what's going on, rather 
than simply a memory of what it is to know. Cosmos 
weaves that tapestry of all the ways science has 
contributed to our understanding of our place in 
the universe. By the way, [this doesn't just concern] 
astrophysics, but biology, chemistry, geology and 
all these fields that our culture has split up with 
different names and different departments and 
institutions. The universe doesn't care, all these blend 
together in the universe, and we blend them together 
in Cosmos so that science as an enterprise is what 
you come away closer to, not one branch of science.” 

For Druyan, one purpose of rebooting Cosmos is to 
rekindle a passion for science in the public that she 





says is sorely missing. “We look at science and we 
live completely and utterly dependant on science and 
higher technology,” she explains. “You can't go a day 
without toys and gadgets. We live twice as long as 
our ancestors and people all over the globe can pick 
up a phone and talk to someone a world away. These 
are the gifts of science, we accept them and yet 
when the community of science sounds the alarm 
we turn a deaf ear, we pretend we don't hear what 
they're saying. My dream is that Cosmos will awaken 
us because we can still do this, we can turn the 
situation we're in now, global warming and so on, we 
can turn it around. Cosmos is not just sounding the 
alarm, it’s a vision of hope, of a world we could have.” 

Cosmos is also a chance to teach people about 
some common misconceptions of science, something 
Tyson has famously been known for pointing out 
in popular movies. “Perhaps the most notorious 
[example] was pointing out to James Cameron in the 
film Titanic, particularly when Kate Winslet looks up 
and they do a point of view from her," says Tyson. 
"We know the longitude, latitude and day of the year 
of the sinking of the Titanic, so there was only one 
sky she should have been looking at and it was the 
wrong sky. It wasn't even the wrong sky, it was a fake 
sky! The left side was a mirror reflection of the right 
sky, so it was a lazy sky. So I made a public to-do of 
this and for the 100th anniversary release he reshot 
that scene from the upward point of view to get it 
correct. I didn't expect that, but it means he has some 
integrity himself!" 

It's the overall message of the show that is of most 
importance to Tyson and Druyan though, to ensure 
that as wide an audience as possible is aware of some 
of the problems facing our planet today, problems 
that are so readily denied and dismissed by some. 
‘It’s one thing to say there's climate change and beat 
people over the head, but when you are an educator 
what you really want to do is empower people to 
learn how to think for themselves," explains Tyson. 
"When you learn to think for yourself then you 
can evaluate information and arrive at your own 
judgements. What my problem has been with the 
public is that the public is told what to think by 
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advertising campaigns, by politicians, by all these 
forces of culture that operate on what people think." 

“I think we are unflinching in our [discussion of] 
climate change - there is no question as to what 
is happening with Earth,” adds Druyan. “There is 
scientific consensus and the evidence is very strong, 
very robust and we are not afraid of presenting it as a 
series of questions - questions that are being ignored 
by the climate deniers. We present credible evidence 
of why we believe this and we know that we are 
putting unprecedented amounts of carbon dioxide 
into the atmosphere.” 

Cosmos is, as its name suggests, a show not just 
about Earth but our place in the universe, in terms 
of both space and time. It presents much of what 
we know and what we don't about the universe. 

“The bigger story is what we're telling here,” 

explains Tyson. “We're not just chasing the very 
latest discoveries. It's not about tearing a page out 

of a textbook and presenting it - it's always about 
What it means and why it matters.” Something as 
convoluted as dark energy, still not fully understood, 
is referenced and talked about in the show, while the 
multiverse theory is another one that has not yet 
gained widespread acceptance. 

“I think the public may come to the show thinking 
they're going to just learn some science and they 
will," concludes Tyson. "But I think they'll come away 
reflecting on why science matters and I should think 
at its best people will take ownership of what they 
just learned, the perspectives that they just gleaned, 
and possibly become better citizens, better shepherds 
of our civilisation, better caretakers of Earth itself. ‘ 

“We don't preach this; we offer you this insight into 
how the universe works and you can't help but say - 
‘T've got to be more responsible’ by the time youTe 
done watching. It’s really just, here’s what we know 
about the universe, as revealed by the methods and 
tools of science, and here's how it all connects, here's 
how it affects life on Earth. But at the end it’s not for 
us to judge, it’s for the viewer. It's an offering.” @ 
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The first episode of Cosmos: A Spacetime Odyssey 
airs on 9 March on the Fox Network and National 
Geographic Channel in the US, then 16 March on 
the National Geographic Channel in the UK. 
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Future Tech Space laser communication 
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Back on Earth, one or more 
ground-based terminals will 
be positioned to receive the 
laser beam, using several 
reflective telescopes (as well 
Mareen mey eed are] Met at 
refracting telescopes). 





Power 
Laser-based communications 
o use up to 25 per cent 
less power than RF 
communication systems, 
potentially extending the 
lifespan of the spacecraft. 
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A cancelled NASA mission, 

* the Mars Telecommunications 
Orbiter (MTO), was intended 
to serve as a hub to transmit 

» information at high speeds 
between Mars - as wellas its 
various landers and orbiters - 
and Earth. 
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X-band 
antennas 
A spacecraft would 
contain other 
types of antennas 
to receive 
different data from 
landers or rovers. 
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A spacecraft will use a star tracker to orient itself 
precisely and accurately. This is crucial for laser- 
based communications, as the laser beam will cover 
just six kilometres (3.6 miles) of ground area when 
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A laser-based orbiter around 
Mars could do more than just 
receive better and faster data 
from surface landers. Because 
of the faster relay from Earth, 
NASA could one day instruct 
the lander to hone in and 
provide higher-resolution 
imagery of a specific feature. 


Space laser communication 


Given all the advances in space technology 

and travel, it seems hard to believe that the 
communication networks of NASA and other space 
agencies have been using the same technology for 
decades, if greatly upgraded. 

RF (radio frequency) transmission has served as 
the standard for communications between Earth 
and spacecraft, but it’s no longer making the grade. 
All of the high-quality imaging and data-gathering 
instrumentation on the latest space probes means 
that they're sending back more and better-quality 
data than ever before to networks on Earth. It’s not 
just one-way, though; our increased capability and 
desire to explore the furthest reaches of our Solar 
System also mean that we need to communicate 
quicker and more efficiently. However, RF has a 
limited capacity, so transmitting data that way can 
be slow and inefficient. RF waves are long, with 
sTVaCGLeMm Wes Datsi ea DESK) Con Mb lcr-NeNTSMM UB H Cele eR Co- eM Oplomelalecietaeels 
on both the ground and Earth need to be large in 
order to capture the data stream. 

This is why NASA is looking to optical 
communications with the laser communication 
portion of its Technology Demonstration Missions 
Program. Laser waves are nearly ten thousand-times 
shorter than RF waves, so the beams are much 
narrower and more secure. Laser frequency systems 
can also provide 10- to 100-times higher data rates 
than RF systems. This means that instead of taking 
hundreds of hours to transmit an average high- 
definition movie to Earth from a distance like the 
Moon's orbit (384,400 kilometres or 238,900 miles), 
for example, it could take less than eight minutes. 

NASA has already had one success with its Lunar 
Laser Communication Demonstration (LLCD) 
aboard the LADEE spacecraft currently orbiting 
the Moon. In October 2013, the LLCD conducted a 
test transmitting back to a ground station on Earth 
and setting a downlink record of 622 megabits 
per second (Mbps) from spacecraft to ground and 
demonstrating an upload rate of 20Mbps from the 
ground to the spacecraft. This is about six-times 
greater than an equivalent RF system, using less 
power and a smaller transmitter. Since weight and 
mass are both critical issues for any spacecraft, that’s 
almost as significant as the increased data speed 
and capacity. The LLCD was a short experiment; 
NASA's next step is the Laser Communications Relay 
Demonstration (LCRD), which has an expected 
launch in 2017 aboard a commercial satellite. For 
two years the technology will be put to the test for 
long-term performance and usage. While there, it 
will also study how clouds and other atmospheric 
phenomena on Earth can disrupt communications. 

While a laser-based communication system could 
help close to home, researchers project the ability to 
obtain high-quality data from faraway planets such 
as Jupiter or Saturn, including real-time video, or 
even control over a robotic mission in real-time on a 
distant asteroid. One of the perks of laser technology 
is also a challenge: a small, tightly focused beam 
has to be directed just so in order to be received and 
increasing the distance makes this more complex. 
It's also more expensive than RF-based systems, 
but NASA is confident that the systems are going 
to revolutionise space communication, just like 
broadband changed how we use the internet. 
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Focus On Saving the Hubble Space Telescope 


The Hubble Space 
Telescope in orbit 


See lsieloa some 
Hubble Space 








Telescope 


The critical servicing missions that repaired 
one of NASA's most important instruments 


NASA's Hubble Space Telescope was launched on 24 
April 1990 after years of development, but straight from 
the off there was an almost embarrassing malfunction. 
The telescope’s primary mirror had been ground to an 
incorrect shape, leaving its images out of focus. 

The problem would not be rectified until December 1993 
when astronauts on Space Shuttle Endeavour corrected 
the error during the STS-61 mission. You can see the 
mission taking place in the fantastic image on this page, 
where astronauts Story Musgrave and Jeffrey Hoffman 
are in the process of installing a set of specialised lenses 
to correct the flaw. 
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In January 1994 the mission was declared a success and 
Hubble was fully operational. A further four servicing 
missions were carried out on the telescope to correct 
minor problems and install new features, with the final 
mission taking place in May 2009 on the STS-125 mission 
aboard Space Shuttle Atlantis. 

Thanks to these servicing missions, Hubble has become 
one of NASA's greatest-ever achievements, sending home 
fascinating images and information from across the far 
reaches of the universe. Despite the early blip it's now 
regarded as an unequivocal success, and continues to 
return cutting-edge science regularly. @ 
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Saving the Hubble Space Telescope 
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All About... 


ASTEROID 
Dame 


Come and explore this no man’s land of the Solar System, 
from the theories behind its mysterious origin and the curious 
members of its million-strong population, to the incredible 
imagery taken by the intrepid spacecraft we've sent there 










Written by Ben Biggs 
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Between the orbits of Mars and 
Jupiter lies the Asteroid Belt, marking 
the boundary between the Inner 

and Outer Solar System. It's a bit of 

a planetary graveyard - a region of 
space where, billions of years ago, 
planetesimals and protoplanets that 
failed to gather enough mass and 
clear their orbits migrated to. They 
mostly remained there and, as the 
Solar System settled into its current 
configuration to become a less-violent 
place, collisions with other asteroids 
and planets became less frequent. 


» 
5% All About... The Asteroid Belt 


Today the Asteroid Belt stretches 
from a distance of around 2 to 3.3 
astronomical units, or about 300 
million to 500 million kilometres 
(186 million to 307 million miles). It 
consists of up to 2 million boulders 
more than a kilometre (0.62 miles) in 
diameter, plus countless smaller rocks, 
particles and dust. It's not the jam- 
packed debris field from science-fiction 
films, however. Because the Asteroid 
Belt takes up nearly the entire expanse 
between Mars and Jupiter, the typical 
distance between one rock and the 


"If you arrived at one asteroid 
youd probably need a 
telescope to see another” 


An image of asteroid Ida and its 
moon Dactyl, taken by NASA's 
Galileo spacecraft 





next is enormous. For instance, if you 
arrived at one asteroid you'd probably 
need a telescope to see another. Unlike 
the lethal asteroid fields of films such 
as Star Wars, the odds of a spacecraft 
accidentally hitting an asteroid while 

it moves along its trajectory through 
the Asteroid Belt are a billion to one. 
To give that statistic some perspective, 
the Earth is over 15,000-times more 
likely to be hit by the near-Earth object 
TV135 in the year 2032, but even so, 
this asteroid has been completely 
removed from NASA's Sentry risk table 
for asteroid impact probability, because 
the chances of it actually hitting Earth 
are practically zero. 

Because this is such a huge area and 
most of its rocky inhabitants are still 
virtually invisible to all but the best 
of today’s observatories, for centuries 
it was considered a conspicuously 
empty region of the Solar System. In 
the 18th century astronomers Johann 
Daniel Titius and Johann Elert Bode 
popularised the idea that the space 
between Mars and Jupiter was home 
to a missing planet, which was either 
yet to be discovered, had moved from 
its orbit or had been destroyed. This 
theory was based on an arbitrary 
numerical sequence now known 
as Titius-Bode law, which gained 
credibility in 1781 when Herschel 
discovered Uranus (whose orbit was 
predicted by the law). However, this 
discovery was generally discredited in 
1846 with the discovery of Neptune, 
whose orbit flew in the face of Titius- 
Bode’s calculations. 

Things started to fall apart for 
this theory with the 1801 discovery 
of Ceres, the dwarf planet with a 








The Belt's formation 


Three different scenarios for the evolution of an asteroid belt 





Disrupted belt 
In this scenario, a gas giant the size of Jupiter scatters 
accreting material as it migrates outwards and through 
the Asteroid Belt, inhibiting the formation of life. 
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Solar System belt 
The generally accepted model of our Solar System's 
Asteroid Belt is of a gas giant edging inwards only 
slightly and staying on the outskirts of the belt. 





Dense belt 

A huge asteroid belt could form where a gas giant 
Stays far from its perimeter. Heavy bombardment of 
the inner planets would prevent life from evolving. 





diameter around a quarter that 

of Earth's Moon. Ceres orbited at 
precisely the location predicted by the 
Titius-Bode law and was heralded as 
the missing planet, but it remained a 
very un-planet-like point of light even 
when viewed through a telescope. The 
discovery of the next biggest asteroids 
in the Asteroid Belt, Pallas, Juno 

and Vesta quickly followed and by 
1850, with improvement of telescope 
technology, the objects in this region 
were being discovered at such a rate 
that they were dropped from the 
officially recognised list of planets. 
They subsequently became known 

as asteroids, derived from the Greek 
‘asteroeides’, or ‘star-like’. 

Initially it was thought these huge 
chunks of space rock were the remains 
of a planet shattered by some ancient 
impact or torn apart by its own 
internal forces, with its debris strewn 
in a cosmic catacomb. 

Today most scientists believe that 
the immense energy required to 
destroy a planet versus the relatively 
tiny amount of material in the Asteroid 
Belt (all the rocks put together would 
equal about four per cent the mass 
of the Moon) doesn't marry up to a 
destruction theory. Also, the chemical 
differences between the asteroids 
suggest that they came from too 
diverse a variety of sources. 

Instead, the widely accepted 
theory is that the Asteroid Belt is the 
rudiments of an unformed planet, a 
gradually accreting spread of material 
that could never coalesce into a planet 
because it was too strongly perturbed 
by the massive gravitational influence 
of nearby Jupiter. @ 
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Kirkwood 


Jupiter's orbit 


The Asteroid Belt isn't a 
perfect band around the 


Sun. When viewed on a two- 


dimensional plane it’s more 
like a series of concentric 
circles radiating outwards 


from near the centre, a bit like 
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|. An artist's impression of the 


Epsilon Eridani system, featuring 


| separate asteroid belts 
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Mars orbit 


Earth orbit 


Kirkwood 
gaps 


Between the bands, where 
the asteroid population is 
denser, there are regions 
with practically no asteroids. 
A WaNB KM iUalocomesomen Dyed 
resonance of the asteroids 


coincides with that of Jupiter. 


Asteroids at the location 


2.06 astronomical units from 
the Sun orbit four times for 
every one of Jupiter's. The 
powerful mutual influence, 
and unstable interaction that 
results, leads to the asteroid 
moving from the orbit until 
there is no more resonance. 
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The origin of the Asteroid Belt is fundamentally 

tied to the Solar System. For a short period, billions 
of years ago, its evolution followed a similar line to 
the rocky inner planets and had it not have been for 
Jupiter, it might even have become a planet itself. 
Over millions of years, the vast nebula that was 

an embryonic stage of our Solar System began to 
collapse under the immense influence of gravity 

at the centre, fanning out into strata of gases and 
more-solid debris. Over time tiny particles gradually 
clumped together to form larger asteroids and then 
planetesimals, which collided in a number of sticky 
impacts to form the inner planets. In the meantime, 
the looming influence of Jupiter prevented planetary 
formation in the region between the Inner and Outer 


Massive 
asteroids 


Ceres 


Type: C-type/differentiated 


1.000km 
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| Type: V-type 
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Inside the planetary 
wasteland 


Solar System by smashing planetesimals together 
at high speed. This largely stopped them from 
sticking together. In turn, the cumulative effect of the 
momentum of millions of asteroids over time caused 
Jupiter to gradually migrate inward to the position it 
holds today. 

One of the major events in the Asteroid Belt's 
evolution, thought to have occurred from around 
4.1 to 3.8 billion years ago, is the Late Heavy 
Bombardment period. This intensely violent era in 
the Solar System's history began when the planets 
were packed into a much tighter radius around the 
Sun. The Late Heavy Bombardment period is thought 
to have been caused by the two gas giants, Jupiter 
and Saturn, achieving orbital resonance with each 


Juno 


Type: S-type 


Pallas 


Type: B-type 


Vesta 


Astraea 





What were the turbulent conditions 
that formed the objects we see today? 


other, resulting in Saturn moving outwards into its 
Current position. It took the smaller icy worlds of 
Uranus and Neptune with it, which were thrown into 
the far reaches of the Solar System where they are 
today. On their way out, these planets dragged and 
scattered over 99 per cent of the remaining disk of 
material. Some of this was thrown inwards and, over 
the course of around 300 million years, peppered the 
inner planets with meteorites. When the proverbial 
dust settled, a fraction of the remaining material 
became the Asteroid Belt. 

Although the Japanese probe Hayabusa 
successfully retrieved a sample of an asteroid in 2010, 
which is of great scientific value, members of the 
Asteroid Belt haven't survived the passage of time 
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unchanged and can't be considered examples of 
objects from the early Solar System. Besides impacts 
with other asteroids, they've been exposed to several 
billion years of weathering from cosmic radiation and 
micrometeorite bombardment. 

The population of the Asteroid Belt has a total 
mass of up to 3.2 billion, trillion kilograms (that's 
3.2 with 21 zeros on the end), although that's only 
four per cent of the mass of the Moon. By far the 
largest known inhabitant is the recently promoted 
dwarf planet Ceres, which makes up around 30 per 
cent of this total mass, followed by Vesta, Pallas and 
Hygiea that make up another 20 per cent between 
them. Many of these objects orbit in families, groups 
of asteroids such as the Vestoids, that follow a very 
similar orbital pattern and are of a similar spectral 
type. Members of these asteroid families usually have 
a common origin, a result of a larger objects breaking 
up after an impact. 

Most of the Asteroid Belt's objects can be 
classed according to their composition: C-type for 


carbonaceous, S-type for silicates and M-type for 
metallic asteroids. C-type asteroids such as Ceres are 
by far the most common, accounting for over three 
quarters of the visible objects in the Asteroid Belt. 

Of the three main types, metallic asteroids are the 
rarest and one of the most interesting to science. The 
250-kilometre- (155-mile-) diameter asteroid Psyche 
is the largest known M-type, comprised of relatively 
pure iron-nickel and thought to be the exposed core 
of a protoplanet that's had its differentiated upper 
layers stripped off by successive collisions aeons ago. 
Psyche's unique in that it's the only core-like object 
we know about in the Solar System. 

A small number of asteroids fit into a separate 
spectral class, for example the V-types or Vestoids, 
named after the largest asteroid in its class, Vesta. 
These are made up of the volcanic rock, basalt. This 
protoplanet has been visited by the Dawn probe and 
like many of the members of the Asteroid Belt, it's 
becoming the subject of intense scientific scrutiny as 
technology enables us to observe it more closely. @ 


“Over millions of years, the vast nebula 
that was an embryonic stage of our 
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Strange objects 





This is an asteroid, believe it or not, that orbits in 


the main Belt like many others. Its designation 


is P/2010 A2 and Hubble took this image of it in 


2010, prompting some considerable excitement 


in the scientific community. This asteroid clearly 
has a comet-like tail with a 140-metre (460-foot) 
nucleus, but no gas. This is probably the result of a 
recent collision, a 15,000-kilometre- (9,320-mile-) 
per-hour head-on impact that would have seen the 
original objects explode with tremendous force. 
P/2010 A2 is just a part of the debris that remains. 
This would have been a common occurrence 
in the early Solar System, but today it's much less 
frequent and a collision has never been observed, 
although studying this suspected debris could give 
us a better understanding of what was going on 


around the Sun four billion years ago. 
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Visiting 
Space rocks 


The probes that are mapping out the wilds of 
the Belt and imaging its occupants 


its larger siblings, Galileo's pass took it to around 1,600 
kilometres (994 miles) from 951 Gaspra, enabling the 
spacecraft to take an unprecedented series of images 
showing the asteroid spinning. Galileo traversed the 
Asteroid Belt for a second time, after a gravitational 
slingshot back around the Sun, but this time its 
trajectory took it to 2,390 kilometres (1,485 miles) 
from another curious space rock, Ida. With an average 
of 31.4 kilometres (19.5 miles) in diameter, Ida is much 
larger and even tows along its own moon. This is 
a 1.4-kilometre- (0.9-mile-) diameter object dubbed 
Dactyl that orbits Ida and likely shares a common 
origin with it. Key techniques that were developed 
to improve capturing valuable images of both these 
asteroids are still used today. 

Other missions that have passed through the 
Asteroid Belt and taken opportunistic snaps include 





Since 1972 a total of 13 spacecraft have safely passed 
through the Asteroid Belt and onto their primary 
mission objectives, including Jupiter and Saturn, as 
well as interstellar space in the case of Voyager 1. A 
few missions have even targeted objects in the Belt, 
requiring an incredibly precise degree of trajectory 
planning to arrive at the right place at the right time 
for an asteroid rendezvous. 

Although other probes had passed through the 
Belt before it, Galileo was the first to have a course 
deliberately plotted to take it near enough to an 
asteroid to image it properly. Two months after 
entering the Asteroid Belt in October 1991, Jupiter- 
bound Galileo began its flyby of the S-type asteroid, 
951 Gaspra. Although this rock is only 6.1 kilometres 
(3.8 miles) in diameter and a puny 20 to 30 
thousand trillion kilograms in mass compared with 


“The Dawn space probe was launched 
to target objects in the Asteroid Belt” 
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Pioneer 10 is best known for being the 
first spacecraft to fly by Jupiter and 
take snaps of the gas giant, at a time 
when the degree of hazard in the outer 
Solar System was uncertain. However, 
it was also the first spacecraft to make 
the journey through the Asteroid 
Belt, proving to scientists that the 
threat from asteroids to a spacecraft 
traversing the region was negligible. 
Launched in 1972, its trajectory 
followed a simple course around the 
orbit of Earth, through Mars orbit, 
onto Jupiter and eventually into the 
far reaches of the Solar System. As 
it passed through the Asteroid Belt, 
Pioneer 10 observed no particles 
bigger than a millimetre (0.04 inches), 
despite taking over a year to cross it, 
which gives an idea of how sparsely 
populated this region is. 
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Cassini, on its way to Saturn in 2000, and the 
dust-gathering probe Stardust, which snapped 5535 
Annefrank in 2002. More recently, Rosetta has 
imaged the small E-type asteroid 2867 Steins and the 
much larger M-type 21 Lutetia. This 100-kilometre- 
(62-mile-) diameter metallic lump was unusual in 
that most of its spectral type-defining material could 
be found beneath a rocky crust. 

The Dawn space probe was launched to target 
objects in the Asteroid Belt in order to help scientists 
answer questions about the formation of the Solar 
System. The mission wasn't targeting any old space 
rock either, as Dawn was to rendezvous with the 
two most massive asteroids in the main Belt, Ceres 
and Vesta. These two protoplanets aren't just the 
largest examples of Asteroid Belt objects, they were 
chosen as Dawn's main objectives because each of 
them followed different evolutionary paths. Ceres is 
a ball of rock and ice that has survived intact since 
its formation in the Asteroid Belt 4.57 billion years 
ago. Vesta, on the other hand, formed from the first 
solid matter in the Solar System and underwent a 
degree of melting due to radioactive decay, before its 
metallic core formed. 

To date, Dawn has completed its mission to Vesta, 
having entered into orbit around the asteroid in 2011. 
Following around a year's worth of study and in a 
fatalistic fashion, NASA declared Vesta as the last 
protoplanet of its kind, a vestigial example of the 
large bodies that accreted to form the rocky inner 
planets over four billion years ago. In September 
2012, Dawn broke away from Vesta’'s gravity and 
began its journey to the dwarf planet Ceres, which 
it’s scheduled to arrive at in Spring 2015. Then it will 
embark on the second part of its primary objective, 
to map the surface of the Asteroid Belt giant. It’s 
possible that Dawn will be able to move to 2 Pallas 
(Vesta's larger but less massive neighbour) once its 
primary operations have been completed in 2016. @ 
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will be used to maintain 
communication with Earth. 
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rovers and SCI, Hayabusa 2 will Ss 
Carry various spectral imagers, a —— 


laser altimeter and a detachable 
camera to watch the operation 
of the SCI. 
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Hayabusa 2 will feature an improved a WY mS = 
version of the ion engine used to propel its rtd ~ >. 
- predecessor. Using a combination of this x <— 





electric form of propulsion and gravitational 7 
slingshot around the Earth, Hayabusa will 
reach 1999 JU3 in about four years. 





Sampler 

Once the impactor has punched 
into the surface of 1999 JU3, 
Hayabusa 2 will land and 
retrieve subsurface samples of 
the asteroid. 





Small Carry-on Impé 
The SCI, part of the Cracktip 
installation, as it's colloquially 
known, will shoot a two- 
kilogram metal projectile into 
the surface of 1999 JU3 at high 


speed, making a crater. 
Two small > (Vln ew acter! 


—— Surface Scout) and vine 
ra| : 











Mission asteroid Itokawa in 2005, landed on it, 


took some dust grain samples from its 


e 
profile surface and then successfully returned 


these samples to Earth in June 2010. 
Hayabusa Z This time, JAXA aims to sample 
Mass: 600kg a More-common C-type asteroid, 
“ — Launch: July 2014 one that is thought to contain much 
Launch vehicle: H-IJTA more water and organic material than 
Primary target: 1999 JU3 Itokawa. Instead of sweeping up a 
Asteroid arrival: 2018 few grains of dust, Hayabusa 2 will 
Mission duration: Six years crack the surface of 1999 JU3 with 
Mission goal: Sample return an impactor, before landing to collect 

samples from beneath the surface. 
Japanese space agency JAXA‘s This will help scientists to ascertain 
Hayabusa 2 is the successor to the What the early Solar System was 







Experimental Robot Vehicle for Asteroi 
will be dropped onto the surface to con 
experiments and make observations. 





original Hayabusa, which visited composed of and how this is related to 
the 500-metre (1,640-foot) S-type life and the oceans on Earth. 
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How studying the last 
4.5 billion years of our 
Sun's life could help in 
the search for habitable 
regions of the universe 


* Age: 650 — 
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Evolution of the Sun 
Pe 


Just how habitable is the region around stars like the centre of our Solar System, with only a specific Over the next few billion years the Sun gradually 

our Sun early in their lifetime? That's the question window of habitability that we are now living in. evolved into the more-sedate star we know today, 

scientists around the world have been trying to When our Sun first formed from an immense with a slower rotation and decreased activity 

answer by studying solar proxies, those stars that cloud of dust and gas, it was spinning up to ten-times providing the conditions necessary for life on Earth 

bear a striking resemblance to our own in their faster than it is now and generating much stronger to thrive. Today our Sun retains some of the volatility 

structure and size. magnetic fields. This in turn would have emitted up of its early life in the form of solar flares, sunspots 
Studying stars of this sort enables scientists to to several hundred-times more radiation than today and coronal mass ejections (CMEs). However, 

discern what our Sun might have been like in the and made the Sun a much more volatile place, with thankfully the Sun's activity has now subsided 

period after it formed. The observations seem to more-frequent solar flares and ejections wreaking to a level that enables life on Earth, and possibly 

suggest a volatile beginning for the giant furnace at havoc for its first 300 million years. elsewhere in the Solar System, to survive. 


Age: 

Age:2 — today 4.5 ° 
billion billion 
years years 
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Sophie Allan 


astrophysics at 
university. She has 
a special interest in 
astrobiology and 
planetary science. 


National Space Centre 
@ Zoeholdsa 

_ Master's degree in 
interdisciplinary science 
and loves the topic 
of space as it brings 
together many different 
scientific disciplines. 
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Getting to Mars any quicker 
would take far more fuel that our 
spacecraft could carry 


“F 


Why does it take so 


long to get to Mars? 


ETM ata ebeelrey 

At its closest point Mars is still 55 

million kilometres (34 million 
miles) from Earth. If you were 
travelling at a speed in excess 
of around 20,000 kilometres 
(12,430 miles) per hour, you 
would compete the journey 


. 5 4 4 


@ 


in about 115 days, but it actually takes 
even longer. 

This is because both Earth and 
WE VesweNecme@co vel sieLUr DUM me)se)ianelomualomelonap 
If you were to just leave for the Red 
Planet in your spacecraft going by its 
current position, then you'd find that 
by the time you got there Mars would 


have moved. This means you'd need 
to figure out where Mars would be. 

If you had an unfeasible amount 
of fuel to propel your spacecraft, you 
would be able to accelerate for half of 
the journey, cutting your travel time 
in half. But simply carrying the fuel 
required to do this isn't possible. GL 
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Worlds that orbit a 
binary system are called 
circumbinary planets. 


q 


Manoj Mistry 

Planets that belong to a binary 

system have two stars that orbit their 

common centre of mass - this is where 

the system is balanced or stable. 
Planets that orbit two stars instead 

of one are called circumbinary planets. 





It is thought that these worlds are only 
able to form outside of the orbit of the 
two stars in a binary system. 

However, circumbinary planets 
aren't just confined to fiction. Though 
you may instantly think of the planet 
Tatooine's twin suns in the Star Wars 
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How do planets orbit stars in a binary system? 


films, or the planets orbiting Lylat 
and Solar in the Star Fox videogame 
franchise, in fact around 17 such 
systems have been discovered so far. 
This includes Kepler-34b, as well as at 
least three planets in orbit around the 
Kepler-47 binary star system. GL 


We are unlikely to 
mine enough from 
the lunar surface to 
alter its orbit 


Could mining the Moon alter its orbit? 


Duncan Milner 

You are correct in thinking that if 

we change the mass of the Moon 
then it's orbit will have to change to 
accommodate, luckily the amount of 
material we would have to mine to do 
this would be huge. 
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If the mined material stays on the 
lunar surface and is just used for 
buildings and operations up there we 
would see almost zero changes to the 
Moon's orbit. However, if we started 
bringing material down to Earth, the 
total system would stay the same, 


so the orbital radius would remain 
constant but the Moon would speed 
up slightly each time. 

If we shipped the material out into 
space, the Moon would move further 
away from the Earth and its orbit 
would slow. JB 
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Visible light and infrared radiation 
travel at the same speed in a vacuum 


i 


Does the Sun's 
heat travel 

at the same 
speed as light? 


Jack Walker 

The time that it takes light to reach 
Earth - which is approximately eight 
minutes - is exactly the same time 
that it takes for heat to reach the 
planet. That is, heat and light travel 
at just under 300,000 kilometres 
(186,412 miles) per second. 

This is because heat arrives in the 
form of light, taking the shape of 
infrared radiation - light with a longer 
wavelength than the human eye can 
see - that’s able to travel through the 
vacuum of space, largely reaching us 
from our very own Sun. 

Our star is constantly emitting 
infrared energy, which the Earth 
absorbs and turns into the motion of 
atoms and molecules - also referred to 
as heat. SA 








seer Eeorrsci 
away using its gravity 

How are TESS Why is Pluto no 
and the JWST longer a planet? 


different? | . | Lauren Walsh 


| According to the International Astronomical 
Ben Cope Union (IAU), for an object to be classed as a 






















NASA's Transiting Exoplanet Survey b planet, it needs to meet three requirements. First 
Satellite (TESS) concerns itself it needs to be in an orbit around the Sun; second 
with finding extrasolar planets and it should have enough gravity to pull itself into a 


unexpected events such as gamma- 
ray bursts. 

The same space agency's James 
Webb Space Telescope (JWST) has 
more tricks up its sleeve, searching 
for light from the first stars and ae es 
galaxies, delving into the formation grr 








el shape; third it needs to have cleared the 
= neighbourhood of its orbit. 
an Pluto orbits the Sun and it’s also spherical in 
= shape, fitting two requirements. However, the 
= et nae planet gets into trouble when astronomers look 
| _~ into the final rule. What we have known as the 
‘ninth planet from its discovery in 1930, up until 


and evolution of these objects as Ore ae — eee + — =~ =" its declassification to a dwarf planet in 2006, does 
well as their planetary systems and | re ‘in shee : SS — notclear its neighbourhood. That is, it’s unable 
the origins of life. ee oe ———. — “=. _ to consume smaller bodies or throw them away 

The JWST must carry out its " | ae tek using its gravity since it’s only 0.07-times the 


observations in the near-infrared mass of nearby objects. GL 
light due to a combination of dust 

obscurations and incredibly low | 

temperatures - dipping as low as ° ae iy : 
5G 7S) iiss ,onihe @unen usually reuse an 
hand, is able to see in the visible acycle their wate1 
light in its hunt for exoplanets a 

passing across, or transiting, their 

Sun-like or red dwarf stars. JB 
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fs § Where do astronauts get water from? 






Brian Vaughan Astronauts constantly breathe out and washing. Although water can be 
Astronauts do not create water while Water vapour into the air and it is also made from its constituents, hydrogen 
in space and instead have to take the lost to the air as sweat, which can then and oxygen, the process requires 
\ ST | water they need with them. To avoid be extracted from the air to use again. combustion - to make water you need 
| NASA's TESS is \ Fewlight the need for constant resupply from Waste water is also purified and an explosion. 
mainly focused Le : EN hs »\. Earth on places like the ISS, water has filtered so that astronauts always have Naturally, this isn't a method 
Coy am ana Ce ti ats \ TtTe . \¥ to be efficiently reused and recycled. a clean supply of water for drinking utilised by astronauts in space. ZB 
extrasolar planets 
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® Earth axis 











The Tropics of Cancer and Capricorn 
are the most northerly and southerly 
latitudes on the globe at which the 
Sun can appear directly overhead 





® Arctic circle 





Sun rays ® Tropic of 
<< Cancer 
® Equator 
® Tropic of 
Capricorn 


® Antarctic 
circle 





as the solstices, the days at which 

the Sun reaches the highest or lowest 
altitude in the sky. During the June 
solstice, the Northern Hemisphere is 
faced closest to the Sun and at the 
Tropic of Cancer the Sun will appear 
directly overhead at midday. During 
the December solstice you would have 
to be at the Tropic of Capricorn to see 
the Sun directly overhead. ZB 


What are the Tropics of 
Cancer and Capricorn? 


Andy Bone 

The Tropics of Cancer and Capricorn 
are the most northerly and southerly 
latitudes on the globe at which the 
Sun can appear directly overhead. The 


Tropic of Cancer lies at a latitude of 
about 23.5 degrees north, while the 
Tropic of Capricorn is found at the 
same latitude south of the equator. 
June 21 and December 21 are known 
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professional astronomer? c= 
Gary Ray | 
Most current professional astronomers work in research pest 


departments within universities and private business. The 
best path to professional astronomy is to undertake a scientific 
education, specifically in physics or astrophysics, which will need 
to be taken to at least degree level or further to postgraduate level | 
to secure a research assistant position. 4 5 
As developments in the field have been made less professional, 
astronomy involves the need to put an eye to a telescope. ee 
Many telescopes and observatories are now robotic and a large = | ; 7) FE 
contingent are space-based, so an astronomer's job is much . vy. eee 3 Fan Sey ae - . 
more about the analysis of the data collected. However, many_ ods PR ae Seals as A Ranga. 
-astronomers will still do the observing themselves. JB sae N Ss RS ai Aa 
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Quick-fire 
questions 
‘) @spaceanswers 


Does the Sun rotate? 
The Sun does rotate, however it 
has many rotation rates. Since our 
Star is made of gas and isn't a rigid 
body, different parts of it rotate at 
different speeds. 


Does our Sun belong toa 

constellation? 
No, however it appears to move 
through the constellations of the 
zodiac. Our star is located in Virgo 
during September and then in 
October you'll find it in Libra and 
so on throughout the year. 


How many known 
galaxies are there? 
There are probably millions of 
galaxies out there. However, wee 
still unable to be precisely sure 
due to the universe's seemingly 
infinite size. 


Can you fire a pistol on 

the Moon? 
Yes. Guns fire due to a sudden 
impulse delivered to the 
gunpowder by the trigger. The 
powder explodes and the bullet 
leaves the barrel, but you wouldn't 
hear a bang. 


Are names given to 

black holes? 
We only tend to name black holes 
after the sources we believe are 
associated with them. Our Milky 
Way’s supermassive black hole, 
Sagittarius A* was named after its 
radio emission. 


Can I see any galaxies 

with my naked eye? 
If you have good eyesight and 
youre in a dark, Moonless site, 
then yes. Examples are the Large 
and Small Magellanic Clouds, the 
Andromeda Galaxy and, of course, 
the Milky Way. 


Do objects have weight 
in space? 
For something to have weight in 
Space, it must be experiencing 
gravitational attraction. All objects 
have mass in space, however, 
and this is a constant that never 
changes wherever they are. 








Ce tions 


@spaceanswers 


What is time dilation? 
This is the relativistic effect of the 
slowing of a clock with respect to 
an observer. If a clock moves with 
respect to an observer, then time 
appears to run slowly. 


Is our universe a 
hologram? 
The idea that everything you 
can see is a mere projection, or 
a hologram, is something that 
physicists cannot agree on. Some 
think it is, but others think it isn't. 


What is a singularity? 
It's a point where some property is 
infinite. For example, a singularity 
is meant to exist at the centre 
of a black hole where density is 
thought to be infinite. 


Can solar and lunar 
eclipses happen in the 
same month? 
There is no reason why they can't. 
Provided there's appropriate Sun, 
Earth and Moon line-ups, solar 
eclipses occur at new Moon while 
lunar eclipses occur at full Moon. 


Can we feel Earth spin? 
Earth's equator spins at just over 
1,600 kilometres (1,000 miles) per 
hour and orbits the Sun at about 
107,800 kilometres (67,000 miles) 
per hour. However, since these 
motions are smooth and fairly 
constant, we don't feel anything. 


When will the Sun die? 
At 4.5 billion years old, the Sun is 
halfway through its life. In about 
five billion years it will run out of 
fuel, expand and cool to become a 
red giant star. 


Will our Sun eventually 

turn supernova? 
The Sun doesn't have enough 
mass to go supernova. It will, 
instead, swell into a red giant, 
before shedding its layers to leave 
its core (a white dwarf), making a 
planetary nebula. 

















From light curves, 
scientists can 
determine an object's 
orbit and type 
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How do we know Kepler- 
78b is a planet? 


Lauren Walsh 

The Kepler space observatory 
discovers planets using a technique 
known as the transit method. It 
continually measures the brightness 
of distant stars, looking for a tell-tale 


dip in the light coming from the star 


as the planet moves in front of it, 

blocking out a portion of its light. 
These dips are measured over 

a given period of time, enabling 


scientists to work out a distant world's 


Sirius was 
perceived to 
have an orange 
or red hue 
around 150 CE 


size, as well as its orbital distance from 


the star it orbits. 

From these light curves, scientists 
can then determine an object's orbit. 
Comets generally have elliptical paths, 
meaning their light curves will differ 
to that of a planet. In addition, comets, 
asteroids and other orbital space 


objects are much smaller than planets. 


Light curves show us that Kepler-78b 
and its fellow exoplanets are too big to 
be comets. SA 


Remon 
a ate Sirius red in 


oe atte etctae 


Sandra Castello 
Van with several other stars inthe - 
night sky, such as the red supergiants 
Betelgeuse and Antares, what we: 
_ now know to bea brilliant white-blue 
_ star, Sirius, was perceived to have 
an orange or red hue around 150 
CE, according to Greek astronomer . 
Claudius Ptolemy. Not everyone is 
_ convinced of this though and no 
definite answer has been ie) taele be 
Sirius is a binary star - comprising 
of a white main Sequence star (Sirius 


A) and a fainter white dwarf (Sirius # 
_ B). It's been proposed that stellar | 
evolution might explain the redness, : ° 


but-astronomers quickly discounted 
the idea, stating that a timescale of 
years is too short with no sign of 
sat=)) EN Coss} Lg yar tsicre 1 Care Old eS SLUM ahs 

_ transition from red supergiant into a 
white dwarf. GL 
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To weigh as much as the Sun, you 
would need to be travelling at a 
speed not possible for a human 


S 


How fast do 
you have 

to travel to 
weigh one 
solar mass? 


Moe Haliska 

To boost someone's mass to 

that of the Sun you need to be 
travelling at a tiny fraction below 
the speed of light (299,792km/s or 
186,282mi/s). This is considered 

a ‘relativistic’ mass increase and 
because you need to be travelling 
very close to the speed of light, it's 
practically impossible to acheive. 
It was Albert Einstein's Theory of 
Special Relativity that implicated 
the idea of gaining mass as velocity 
increases. As a speed of nearly 
300,000 km/s is approached, it 
requires exponential amounts 

of energy to increase an object's 
speed. This is interpreted as an 
increased momentum that can 
suggest an increased mass. JB 
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What happens between 


The event of a black hole 
marks a point of no return 


the event horizons of 
colliding black holes? 


Toretto Singh 

Currently we don't know for sure what 
happens when two black holes collide, 
bringing together two event horizons. 
Current thoughts are that they would 
either merge or the collision would 
cause one black hole to be flung off 
into space. The event horizon of a 
black hole marks a point of no return; 
once an object passes over this 
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Can astronauts 
land onacomet? . 


Andy Bone 


boundary it cannot escape the massive 
gravitational pull. 

Before you even reach the event 
horizon of a black hole, it's believed 
that you would undergo a process 
called spaghettification, that would 
cause you to be stretched into long, 
noodle-like shapes due to tidal forces. 
It’s unlikely that you'd be alive by the 
time you reached this point. ZB 


A spacecraft would have to 
perfectly match a comet's speed 
to successfully land on it 
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Astronauts could indeed land on a comet, however with low gravity and 
travelling at immense speeds, doing so would be very difficult. 

Most comets tear through space at incredible speeds - typically many tens 
of thousands of miles an hour. In order to land you would have to perfectly 
match the spacecraft’s speed to that of the comet and then pull up to the 


comet to prepare for landing. 


With far smaller mass than the Earth, the gravity on the surface of a 
comet is much lower, so landing in the traditional sense wouldn't be possible 
as you'd bounce off the surface. Astronauts would need to harpoon the 
comet to reel the craft in towards the surface. SA 
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= FUTURE LANDERS 
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ALL ABOUT OUR 
GALAXY CLUSTER 


Explore the 110 million light-year 
expanse of the Virgo supercluster 


> THE HUNT FOR 
WORMHOLES 


Meet the team that searches 
for elusive spacetime shorcuts 
across vast regions of space 
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Bored of the Solar System? Take a tour beyond the orbit of Pluto with our pick 
of the top deep-sky objects visible during the spring nights 


YouTe familiar with observing the 
planets, having located everything 
from Jupiter's Great Red Spot to 
Saturn's majestic rings with ease and 
you've observed the Moon to the point 
of knowing every phase, every sea and 
almost every crater. You're now ready 
for the next challenge far beyond our 
own Solar System. 

Veterans of observing the night sky 





1. Virgo A (M87) 

Right 

ascension: 12h 30m 49.42s 
Declination: +12° 23’ 28.0439" 
| Magnitude: +9.59 

Distance: 53.5 million ly 






Virgo 
(The Virgin) 


Taking pride of place in the 
Virgo cluster, the supergiant 
elliptical galaxy is the easiest of the cluster’s galaxies to 
will speak of their savounie galaxy, spot. It will appear as an amorphous blob when viewed 
of the nebula they awe Meee through a small telescope, while you can aim to detect 
during a certain time of the year, or the powerful jet that's blasting out from the black hole at 


even a simple double - or binary - star M87’'s core, using larger telescopes. 
that they view every night. These 7 


objects are hundreds, thousands, even 
millions of light years away. 

Do not expect to see the incredible 
detail returned by great space 
instruments such as the Hubble Space 
Telescope. However, the larger your 
telescope's aperture, combined with 
the best possible eyepieces, the more 
you'll be able to see. Dark skies, such 
as those boasted by the International 





Dark-sky Association's (IDA's) dark-sky — 
parks, reserves and communities also 4 
make finding these objects easier. Pam Bal eesola telco <1 DV Or) 
To successfully see faint objects, Right ascension: 12h 39m 59.4s 
you need to allow your eyes to adjust Declination: 11° 37° 23" 
to the darkness, which can take Magnitude: +8.98 
anywhere up to half an hour or more. MCE PRB iC a hy 
Once you've perfected seeing diffuse Provided you have access to dark skies, this galaxy shows up in about any sized 
objects with your peripheral vision, instrument, its name coming from a dark lane of dust that slices lengthwise 
take a step outside with All About through the galaxy. A smaller telescope will reveaka slightly irregular shape 
Space for our pick of galaxies, star with only a slight hint of the dark lane. Any telescope will reveal a bright core 


clusters, double stars and nebulas that . combined with large hazy bulges to the north and south. 
the spring sky has to offer. : 
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Ursa Major | 7 or 
(The Great Bear) | 
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- 1. Colliding galaxies: 

, Bode's galaxy (M81) and Cigar galaxy (M82) 

+ Right ascension: 09h 55m 33.2s (M81), 09h 55m 52.2s 


Declination: +69° 3’ 55"(M81), +69° 40° 47"(M82) 

| Magnitude: 6.94 (M81), 8.41 (M82) 
Distance: 12 million ly 

ene easily using a pair of binoculars or small telescope, 
M81 is located approximately ten degrees north-east of 

Ursa Major's brightest star Alioth. Its companion, M82, has 
in the past interacted with Bode's galaxy and it even had 

a supernova named SN 2014J explode earlier this year. 
Telescopes with large apertures and wide fields of view will 
be needed to pick out M81's wispy arms. 





| 2. The Pinwheel eee =n a) Le 


4. The Owl nebula 


| galaxy (M101) Mizar and Alcor (M97/NGC 3587) 
etree iy Coie etal Right ascension: 13h etree ore oe 
| 3m 13s 23m 55.5s 14m 47.734s 


Declination: +54° 55’ 31” 
Magnitude: +2.23 
(Mizar), +4.0 (Alcor) 


| Declination: 54° 20’ 57" 
Magnitude: +7.86 





Declination: 
+55° O1' 08.50" 





| Distance: 21 million ly 


A face-on spiral galaxy, the Pinwheel galaxy (Messier 
101) appears as a small, round smudge, the brighter 
inner portion of which is around five arcmins in 
diameter. Once you have located this region, look for 
the beginnings of the spiral arms that look like stubs 
emanating from the centre. Telescope apertures 
greater than ten inches may see knots of bright stars 


| Distance: 83ly 


If you have heard of The Big Dipper, or The Plough, 
an asterism inside Ursa Major, then you have most 
likely heard of the two stars Mizar and Alcor. If you 
have good eyesight then you should be able to see 
the pair with the naked eye. Just a glance through 
a telescope, however, and you will see that Mizar is 


Vale msa ol p) ON rel ue: (el betom dplcmel ene lon 


Draco 
(The Dragon) 
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also a double star. 


1. The Cat's Eye nebula 
(NGC 6543) 

Right ascension: 17h 58m 33.423s 
Declination: +66° 37' 59.52” 
Magnitude: +8.1 

Distance: 3,300ly 


The Cat's Eye nebula, also known 
as Caldwell 6 or NGC 6543, is 
famous for the image that the 

Hubble Space Telescope snapped of 
its stunning form. 


A medium-sized telescope, 
combined with eyepieces that 
kick the magnification up to 
around 500x or 600x, will be the 
minimum that you'll need to spot 
this beautiful nebula. You'll likely 
see a greenish tint and a central 
llth magnitude star will also reveal 
itself. A bright ring and a fuzzy 
outer halo will be visible if you 
have dark-adapted vision. 


Magnitude: +9.9 
~! Distance: 2,030ly 


The Owl nebula (Messier 97) is an expanding shell 
of gas ejected from an old star late in its life. M97 
appears around ten-times smaller than the full 
Moon and can be picked up with large binoculars. 
Still remaining indistinct even in six-inch telescopes, 
you'll need at least an eight-inch telescope to pick 
out the dark patches that make up the Owl's eyes. 





The Cat's Eye nebula is among the most 
complex forms of its kind yetfound | 





Gemini  — 
0S oe 


1. Abs 3 
Right ascension: 06h 09.1m*. 
DeClination: +24°21' 
Magnitude: +5.30 

Distance: 2,800ly 


Featuring marty bright stars, M35 is a large and open, 
cluster that’s a favourite for small telescopes: It's also. 


just visible to the naked eye and easiest viewed in 
your peripheral vision. 

In a ten-inch telescope, bright stars can be seen © 
scattered throughout the field of view. Nearby lies 
a much smaller and fainter open cluster, NGC 2158, 
which serves as an excellent comparison, truly 
playing up the brilliance of M35. 





2. The Eskimo nebula (NGC 2392) 
Right ascension: 07h 29m 10.7669s 
Declination: +20° 54’ 42.488” 
Magnitude: +10.1 

Distance: more than 2,870ly 


A popular target for larger telescopes, the Eskimo 
planetary nebula is also detectable with smaller, 
four-inch telescopes. In smaller telescopes, of less 
than around ten inches, or at low magnification, 
this planetary nebula appears as an oval patch - the 
surrounding gas and dust - encasing its central star. 
Using as much magnification as you can, it may be 
possible to pick out the nebula's central bubble, which 
will appear as a brighter patch. Looking carefully, it 
might be possible to make out a slight blue or green 
hue to this central feature. 
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3. The sextuple star system: Castor 
Right ascension: 07h 34m 35.87319s 
Declination: +31° 53’ 17.8160" 

Magnitude: +1.93 / +2.97 

Distance: 51 ly 


Castor, or Alpha Gemini, is one of the bright stars that 
make up the heads of the twins in the constellation 
of Gemini, shining as a prominent white star. What 
some might not know is that there are six stars in 
total rather than the one that you're able to make 

out with the naked eye. However, since they orbit so 
closely to one another, it’s not possible to separate all 
six of them, even with large telescopes. 

A small telescope of around six inches, along with 
excellent conditions, is able to split Castor into two 
separate, bright, A-type - or young massive - stars. An 
even fainter star nearby is part of the same system, 
which is obviously trickier to spot. 





Canes Venatici 
(The Hunting 
Dogs) 









1. The Whirlpool galaxy (M51a) 
Right ascension: 13h 29m 52.7s 
Declination: +47° 11' 43” 

Magnitude: +8.4 

Distance: 15 to 35 million ly 


The Whirlpool galaxy can be seen using a good 
pair of binoculars, but large-aperture telescopes 
and a dark site are preferable. In a six-inch 
telescope, you can expect to see a large, round 
hazy spot with a brighter centre. 





2. The Sunflower galaxy (M63) 
Right ascension: 13h 15m 49.3s 
Declination: +42° O1' 45” 

Magnitude: +9.3 

Distance: 37 million ly 


The Sunflower galaxy, designated M63, is faint 
in binoculars, meaning that in order to locate its 
concentrated nucleus and the faint oval shape 
that comprises its bulk, you will need a modestly 
sized telescope. 


3. M3 

Right 

ascension: 13h 42m 11.62s 
Declination: +28° 22’ 38.2” 
Magnitude: +6.2 
Distance: 34,000 ly 


You can glimpse this globular cluster with a pair 
of binoculars, making M3 appear as a round 
hazy patch. Under dark skies you should be able 
to make out many hundreds of stars and larger 
devices will resolve the cluster right to the core. 


ee Be tole 
(Berenice's Hair) 
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| 2. The Black Eye galaxy (M64) 

Right ascension: 12h 56m 43.7s 

Declination: +21° 40° 58” 

Magnitude: +9.36 

Distance: 24 million ly . 

| The face-on spiral galaxy M64 is botht 

visually interesting and unique thanks 

| to the large dust cloud near to its centre. 
From a dark site the galaxy appears as 
an oval, but a telescope with an aperture 
of around four inches or larger is needed 
to make out the dark patch. Remember 

Pen et-lem (ol bb Cm ened nN Chm Conc om Uap aime hs 
shown in the image here, so keep your 
eyes peeled for an arc where the galaxy’s 

| white haze fs a little bit fainter. 





Leo 
(The Lion) 


| 1. Leo | group members: 

M95 and M96 

Right ascension: 10h 43m 57.7s (M95), 

10h 46m 45.7s (M96) 

Declination: +11° 42' 14” (M95), +11° 49’ 12” (M96) 
| Magnitude: +11.4 (M95), +10.1 (M96) 

| Distance: 33 million ly (M95), 31 million ly (M96) 


This famous pairing of two face-on spiral galaxies, M95 and M96, requires a 
minimum of binoculars under dark skies. Combined with nearby galaxies NGC 
3377, NGC 3384, NGC 3389 and possibly M65 and M66, these two galaxies form 
part of the Leo galaxy cluster. M96 is the brightest of the pairing, revealing itself 
as a greyish blur in binoculars or a small telescope. Large binoculars or a medium- 
sized telescope will reveal M95 but the core is more distinct with a larger telescope. 





| | 2. The Leo Triplet 

| (M65, M66, NGC 3628) 

Right ascension: 11h 18m 56.0s (M65), 11h 20m 15.0s 
(M66), 11h 20m 17.0s (NGC 3628) 

| Declination: +13° 05’ 32” (M65), +12° 59’ 30"(M66), 

| +13° 35’ 23” (NGC 3628) 

Magnitude: +10.3 (M65), +9.7 (M66), +14.8 (NGC 3628) 
| Distance: 35 million ly 


The famous Leo Triplet consists of a trio of galaxies designated M65, M66 and 
NGC 3628. Small instruments reveal the spiral galaxy M66 as an elongated haze 
with a diffuse appearance. 
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Right ascension: 13h 12m 55.25s 
Declination: +18° 10’ 05.4” 


Alternately designated NGC 5024, M53 in 
binoculars and very dark skies will appear as 

a large out-of-focus star. In small telescopes, 

M53 looks almost cometary, yet in telescopes 
approaching the six-inch range, the resolution 
will begin to kick in - especially under dark skies 
where this:cluster and its stars will be visible. 


Cancer 
(The ee 





20 deep-sky sights/'3 


1. The Needle galaxy 

(NGC 4565)) 

Right ascension: 12h 36m 20.8s .- 
Declination: +25° 59’ 16” 
Magnitude: +10.42 

Distance: 30 to 50 million ly 


Through a telescope eyepiece with 
50x power and under dark skies, 

this edge-on galaxy appears as a 
very thin, faint streak of light with 

a bright central core. With a visual 
magnitude of around +10.42, you will, 
need at least a four-inch telescope 
under dark skies, while telescopes of 
greater apertures will be needed to 
pick out more detail. 


3. M53 


Magnitude: +8.33 
Distance: 58,000ly 





1. Double star: lota Cancri 
Right ascension: 08h 46m 41.8s 
Declination: +28°45'36" 
Magnitude: +4.02 (G-type giant), 
+6.57 (A-type dwarf) 

Distance: 298ly 


An easy object to view, a medium- 
sized telescope will make easy work of 
Iota Cancri, splitting it into two stars 
even at a low magnification of around 
46x. Bumping the magnification to 
around 78x is optimum if you're a 
keen sketcher from the eyepiece. 

The low power plays up the contrast 
between the two beautifully. 


2. The Beehive cluster (M44) 
Right ascension: 08h 40m 24s 
Declination: +19° 41’ 

Magnitude: +3.7 

Distance: 577ly 


A rich-field telescope of around 25x 
magnification will reveal more of the 
dimmer members of the Beehive cluster, 
or Praesepe, which is best viewed at least 
through large binoculars. 
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The skies of early spring are rich with wonderful 
objects for observers of all standards 


JUICE ata el | M87 elliptical galaxy 


Viewable time: All through the Viewable time: From after dark until a 
hours of darkness couple of hours before dawn 
An overlooked but very attractive galaxy in the This galaxy is known as a supergiant elliptical 


galaxy, due to its shape and mass. It’s located 
about 53.5 million light years away. Messier 
catalogued this object as a nebulous feature, 

but we know it’s the second brightest galaxy 
% in the northern Virgo Cluster of galaxies. 
It has no dust lane, is ellipsoidal in 
structure and has a supermassive 
_ black hole at its centre. A jet of 
. energetic plasma shoots out 
» from its core and extends 
some 5,000 light years. 


constellation of Canes Venatici, the Hunting 
Dogs, is Messier 94. The galaxy is classified 
as a barred spiral galaxy, but the bar is more 
oval in shape and it has two rings of matter 
associated with it. The inner ring 
appears to be a star-forming region, 
as does the outer ring, which 
may be a complex spiral arm 
structure. The galaxy lies at 
a distance of 15 million 
light years from Earth. _ 
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Globular 
cluster M53 
Viewable time: All through the 
hours of darkness 

Johann Elert Bode discovered this 
globular star cluster in 1775. It can be found 
in the constellation of Coma Berenices or 
Berenice’s Hair and is one of the more distant 
such star clusters in our galaxy. It lies around 


Galaxy M61 


Viewable time: After dark 
until an hour before dawn 
The galaxy M61 is one of the largest 
members of the Virgo cluster of galaxies. 
It's thought to contain a supermassive black 

hole at its centre with a mass around five 
million-times that of our Sun. Its spiral arms 
contain many star-forming regions. It’s a face- 


58,000 light years away from Earth. You can Northern on barred spiral galaxy and lies some 52.5 
see it as a faint fuzzy patch in binoculars and a Hemisphere million light years from us. Six supernovae 
Jones T Umea asvee) orem all mceloy vain ab Cem b som bela slowed cele] py events have been recorded in M61 since 1926, 


It's thought to be over 12 billion years old. the most recent being in 2008. 
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Alt-azimuth fork mount 


GOO 


Most commercially made Schmidt-Cassegrain and Maksutov- 
Cassegrain telescopes are supplied on an alt-azimuth fork mount. This 
describes where the telescope is slung between the lines of the fork 

of the mount. Where the telescope pivots is the altitude axis and the 
azimuth axis is provided by the rotating base. These instruments are 
usually provided with either electronic drives to both axes or computer 
systems, which will enable the telescope to be set up to point at and 
track many thousands of objects in the night sky. 


cquatorial mount @ 


The German equatorial mount is the most common type designed to enable 

one of the axes to be polar-aligned. Looking a little like the letter T, the i, 
upright of the letter is the polar axis and is tilted to become parallel to the 
Earth's axis. This means that it's only necessary to track the telescope, which 
is positioned at the end of one of the arms of the T, around this polar axis, to 
follow the path of the stars as they rise in the east and set in the west. This is 
perfect for tracking a specific object in the sky. 


Fork 
















Dobsonian 
mount 


OOt% 


Conceived by American astronomer John Dobson, 
the Dobsonian is another form of alt-azimuth 
mount. The whole point of this version is to provide 





equatorial 
mount 


Usually used with commercially produced Schmidt-Cassegrain and similar a cheap, stable platform for larger telescopes and 
telescopes, the fork equatorial mount performs a similar function to the to have very smooth motion in both axes. This is 
German equatorial mount in that it enables the telescope to be driven around achieved by using frictionless Teflon bearings so 
the polar axis. In this case, the polar axis is formed by the fork itself, which that a user can nudge the telescope without the 
looks like a letter U. The tilt of the axis is created by an equatorial wedge object flying off out of the field of view. This is a 
that usually can be added to an alt-azimuth fork mount as an accessory. This very popular mount due to it being inexpensive and 
enables long-exposure photography and imaging a good DIY project for many amateurs. 








Single-arm alt- Alt- 
azimuth mounts azimuth 


This mount suits smaller refractor and catadioptric @ © 
- a combination of a refractor and reflector - 


“SO Many mounts, 
but which is the 
~ right one for you?" 










“ 
telescopes as the tube is attached to one arm as The simplest mount also has the most complicated- ® 
opposed to being slung between the two. With sounding name, which actually just describes how . 


small instruments this keeps the weight of this mount works. It has two axes of movement, 
» the system down, making them portable. the first is in altitude - or up and down - the A } 
It's a type of mount favoured by the second is in azimuth, which enables the ' 


telescope manufacturer Celestron for observer to move the telescope from side , —. r 
its smaller range of instruments. to side. This altitude is a circle describing | | 
~ These motorised mounts are 360 degrees around the horizon taking the  _ ton . "7 
‘ often supplied with a GoTo north cardinal point as O degrees and south i. Y a» 9 
. | 








\ 


» computer tracking as 180 degrees. The azimuth axis then 
® system, making simply allows for movement around in 
them versatile and a circle parallel to the ground. Most 
appealing as a family camera tripods are in fact alt-azimuth 
telescope. Remember mounts. You can find various types 
that a motorised mount can of alt-azimuth, but their axes of 

take time to set up. movement will be the same. 
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Send your astronomy photos and pictures 
of you with your telescope to photos@ 
spaceanswers.com and we'll s 
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Stewart Watt 
Seemed Thurso, Scotland 
= >" Telescope: n/a 


. = “Tlive in Thurso, Caithness on the north coast of Scotland. 
.. This aurora shot was taken from Caithness in the last couple 
of years. As we don’t have the stunning aurora displays they 
ll get in the Arctic Circle, composition of the shots perhaps takes 
=" on more importance to achieve better results, so if possible 
I always try to get some good foreground interest rather than just have the 
aurora itself. Sadly this solar maximum has been very weak, with intensity and 
frequency well down on previous cycles. Nonetheless, whenever there is a CME 
[coronal mass ejection] released from the Sun, or a coronal hole opens up, the 
hope that the next display might be a spectacular one keeps the cold at bay, as 
we stand on a remote headland in the middle of winter, bombarded by gales and 
showers. Maybe we'te just a little crazy.” 


a 





rit die a ; aa 2 ors s ee ) tae ‘Pe ° ar ie 
“Telescope: ~ > - eed | Z ’ 
Skywatcher 
‘ED. | 
_Yefractor = # a : a : | ini | 
al a ete ~~ oe a “ar = ! a ar | 7 a ee" 
Poe vee) (eB aay iitecte vee me ae <a re ‘ : , Ae 
Astronomy undergraduate 
at Uppsala University Tn 
Sweden. I started doing .. 
-astrophotography a little over ° 
a year ago and it has since . a. * ' ¢ - : oe 
_bécome my main hobby by a * , _ /, Qa eee .: a aa : >» ' = oe ig 
long shot. I'm.currently using ~ Sa ? — _. | * 
‘an,80/600mm Skywatcher 
ED refractor mounted on* «= 
_ aCelestron CG-5 GT. and a | : ee L os i = 
stock Nikon D3100 as ah ee Cl ee ; -'. F a 
imaging device”... ule FS: °, a _— | ! 
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™ New York, USA 
Telescope: Celestron NexStar 6SE 
“I'm an amateur astronomer from Pearl River, New York. I started 
in astrophotography just about a year ago. The first object I 
started out capturing, as I'm sure many have, was the Moon. It’s 
still one of my favourite objects to image. I used my Celestron 
NexStar 6SE telescope for these pictures. The full Moon was 
taken with a Nikon D600 DSLR attached via T-Adapter. The close-up shots of the 
lunar surface were captured using the Celestron NexImage 5.” 


” : ‘Oe OOF a : Vancouver, Canada 
eae SATE esos 10” reflector 
7 , ae ae am I J ° fel BEM (eclee GR Tereiatt 
- ; a 3 tee | , astronomer KORE CO Se 1S3e Late 
a , oe aA * Columbia, Canada. Although I live in 
aren ~~ | a very Cloudy and rainy part of the 
world, once in a while when the sky is 
clear I get a decent view.of the night - I do most of 
rah imaging from a red/white zene in the city. I bought 
S my first telescope back in 2009 and after observing ~ 
* the Moon, Saturn talet Venus I was hooked. A few years 
- later I decided I wanted to share the wonders I see in 
WES Oy ciated started imaging. I enjoy both planetary 
/ lunar and some deep-sky / wide-field’imaging. I 
learned that yoy don't have to be discouraged by city * 
at lights @ght pollution); with the right filters you can 
see right through to the wonders in the night sky. 








Send your photos to... ©) @spaceanswers © photos@spaceanswers.com 
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stargazing 
stories 


Email the story of how you got 
into astronomy to photos@ 
Spaceanswers.com for a chance to 
feature in All About Space 
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| "This image of Comet 2009 P1 
| Garradd was taken remotely 


Ian Musgrave 








Current rig 


Newtonian 
Mount: n/a 


~ .@ Other: 10x50 binoculars 


“I've always been interested in 
astronomy. Some of my earliest 
memories are of lying out in the 
backyard with my dad's old binoculars, 
scanning the sky. At that time our 
house was right on the edge of the 
suburbs, next to acres of bushland - 
rich hunting grounds for the really 
dark skies, the southern constellations 
and Magellanic cloud. 

“I assiduously saved my pocket 
money and bought one of those cheap 
refractor telescopes with a dodgy table 
stand. When I set it up the first thing I 
Saw was an occultation of the Pleiades 
by the Moon! I was already hooked on 
astronomy by then, but what a start to 
my first observations. 

“Later my dad made me a mounting 
so I could place the scope on a camera 
tripod and I've been using it ever 
since. Just the other night I used it, 
still mounted on dad's tripod rig, to 
show the Moon to the kids of the local 
Australian Air League. 

“Now I'm the proud possessor of 
four telescopes (one my dad and I built 
together) and two pairs of binoculars 
(I still have dad's binoculars). While 
I'm primarily interested in planetary 
astronomy, I'm also a bit of a comet 
tragic. It's not widely known, but the 
images taken by the twin STEREO 
spacecraft orbiting the Sun can be 
freely downloaded by anyone. Comet 
hunters download and scour these 
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Location: Adelaide, Australia 
Info: Astronomer for 44 years 
Twitter: @ianfmusgrave 


telescope: 50mm refractor, 4" Newtonian, 6” Newtonian, 8" 


from iTelescope” 


images, looking for new comets. Isaac 
Asimov once said that most scientific 
discoveries don't begin with a cry of 

‘Eureka, but of ‘Hmmm, that’s funny’. 

“My ‘hmmm that's funny’ moment 
came when my friend asked me to 
check a potential comet he found in 
the STEREO spacecraft images. This 
serendipitous observation [turned out 
to be Mercury's ion tail and] eventually 
resulted in my name being on a 
paper presented to the International 
Planetary Society Meeting. 

‘I'm passionate about showing 
people that astronomy doesn't have 
to be an expensive hobby. Something 
as basic as a four-inch reflector and 
a mobile phone can open up a world 
of possibilities and generate beautiful 
images... The most important thing 
for me is that astronomy is fun and if 
I can make it easy for people to enjoy 
the skies with whatever they have to 
hand, then I've made a difference. 

“The other night my automated 
scripts guided a high-power telescope 
towards a supernova in M99, while at 
the same time I was showing kids the 
wonders of the Moon and its craters 
with a 40-year-old department store 
telescope, the same one that started 
my journey in astronomy. Seeing 
the kids get the same joy from my 
old telescope that I got when I first 
pointed it to the Moon is worth more 
than the finest images I can take.” @ 


"My four-inch scope ee 
and binocular solar | — 
projection setup : 
from the last partial ~ 
solar eclipse” 
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“This is part of our farm in 
southern Spain, where you 
can see the observatories” 




















































“These images show the rising tail above the grape 
vines just before dawn on 22 December 2013” 


www.spaceanswers.com 





stargazing stories 






Tony Angel 


Current rig 


Pentax F4 


“I have always had an interest in 
astronomy, but it wasn't until I joined 
the Croydon Astronomical Society 
(CAS) that I took to it more seriously. 
Within a short time I became an 
active member, trying to soak in the 
knowledge imparted by some very 
experienced astronomers. Through 
some of them I went on to join the 
British Astronomical Association, 
the Webb Society and the Royal 
Astronomical Society. 

“Although we lived to the south 
of London in Old Coulsdon, the light 
pollution was still bad. That got me 
seriously thinking about finding 
somewhere to live where I could 
observe in fairly dark skies. Ros, my 
wife, was very understanding and the 
only constraints set were that we must 
be no more than 20 minutes from a 
village and not a ruin. 

“I spent quite a while examining 
light pollution maps and from those 
we decided to have a look at a few 
areas in southern Spain. We eventually 


1. Join a society 

Join an active astronomy 
society where you can 
learn about both the 
practical and theoretical 
aspects of astronomy, as 


like-minded people. 


Tony's top 3 tips 


2. Be patient 

Don't rush out and buy 
a telescope. Do buy a 
reasonable star atlas and 
find your way around the was not submitting 
night sky with just your 
well as build a network of eyes and then witha pair to pass on the results of 
of decent binoculars. 


STARGAZER 





Location: Sierra Contraviesa, Granada, Spain 
Twitter: @TonyAngelUK 

| Blog: http://sonatosc.blogspot.com 

Info: Astronomer for 25 years 


telescopes: 14” LX200GPS, Questar 7”, 14” Celestron, 4” 


Mount: David Jackson GEM, Paramount ME 
Other: ST7 and ST8 STL-11000 CCD cameras 


decided on the area we live now: 

[a] 5O0-acre farm with houses and 
outbuildings. I first built the roll-off 
roof observatory, where I installed 

a 14-inch LX200GPS telescope, 
then added a dome to house a C14. 
Later I was asked if I would operate 
an observatory for Searchlight 
Observatory Network, which has a 
number of observatories around the 
world including one in New Mexico 
and another in Chile, to carry out 
exoplanet observations, plus any other 
additional requests. 

“Although I still use my own 
equipment for visual work, the real 
observing is done with the Searchlight 
observatory. For the past few months I 
have been submitting observations to 
the Comet ISON Observing Campaign 
and its successor CIOC Siding Spring, 
both of these being NASA-sponsored 
ProAm campaigns. I also submit 
observations to the BAA Comet 
Section and to a friend's Facebook 
page Comet Watch.” @ 





3. Submit 
observations 
Don't make the same 
mistake as me, which 


observations. It's vital 


your observations. 


“This composite image 
shows the long tail of 
Comet Lovejoy as seen on 2 
December 2013” 
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~areplica NASA 
ight jacket 
é ©. Aworth £450 


Complete our readers’ survey to 
Sy be in with a chance of winning 
: ah i a piece of NASA history 


Thanks to the fine folks at Alexander Leathers (www. 
alexanderleathers.com) we've got a stylish, museum-quality 
replica NASA flight jacket up for grabs. 

This fantastic prize, built using the same materials and 
specifications of flight jackets worn by Apollo astronauts, could 
be yours by completing our All About Space magazine survey. 
All you have to do is follow the link below, answer the questions 
_ and one lucky winner will be selected at random. 
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This authentic 
jacket was 
created by UK 
EM a\omelteaycal 
Pidcock with 
help of former 
NASA astronaut 
Al Worden, 
pictured right 


Go online and complete our readers’ survey at: 


Spaceanswers.com/survey 


Simply check off the easy questions and you could win the 
superb NASA flight jacket pictured here! 


Visit the website for full terms and conditions. 





© NASA 
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Telescope advice 


Vixen S 
Eye 70 


With a low price that belies its 
optical quality, this easy-to-use, 
| entry-level telescope is a must 
for astronomy beginners 


Telescope 
advice 


Cost: £129 / $140 

From: www.astronomia.co.uk 

Type: Refractor 

Aperture: 70mm 

Focal length: 700mm 

Great for a novice on a budget, this 
refractor telescope hits the sweet spot 
between ease-of-use and high-end 
quality. Though the telescope comes in 
a box featuring the eight planets of the 
Solar System, buyers shouldn't see this 
as a promise of seeing the planets in 
such fine detail. However, the refractor 
does come with two Plossl eyepieces 
of 20mm and 10mm. 

The telescope is quick to assemble 
and, weighing in at 3.1 kilograms (6.8 
pounds), is easily moveable, making 
anyone's first night under the stars 
hassle-free. This device's alt-azimuth 
mount makes it far easier to handle 
than other telescopes. Since it's so 
light, caution is advised, especially as 
its narrow tripod legs put its centre 
of gravity in a precarious state - extra 
care should definitely be taken on 
windy nights. 





pace 


Putting the optics to the test, the 
eyepieces supplied with the Space Eye 
were a fair choice, with the 20mm 
providing a healthy amount of field 
curvature. The objective lens was also 
perfectly collimated and coated so 
given the telescope’s affordable price, 
we found the optical quality to be very 
good. There was a degree of chromatic 
aberration - or colour fringing - when 
observing some objects, but this didn't 
detract from good viewing. 

Turning the telescope to a crescent 
Moon, we found that the Space 
Eye produced a sharp view with 
excellent contrast through the 20mm 
eyepiece. Pointing it at Jupiter, the 
Vixen managed to pick out Io, Europa, 
Ganymede and Callisto with ease. 
Doubling the magnification with the 
10mm Plossl, we could also make out a 
few of the gas giant's equatorial belts. 

The Vixen also handled double 
stars well - visual binary Castor in 
Gemini was split with ease at 70x. The 
instrument also served up a decent, 
yet faint, view of the Orion Nebula and 
the brightest stars of the Trapezium 
cluster. All About Space was also 
treated to a view of the Pleiades that 
the Space Eye framed very well. @ 
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Visionary 20x80 HD 
Cost: £200 (approx. $334) 

From: www.opticalhardware.co.uk 
When using the Visionary 20x80 
HD binoculars, Jupiter and its four 
prominent moons became our 

first target and all were picked up 
with ease. The 3.2-degree-wide 
field is sharp and the BAK4 prisms 
maximised light transmission. 

The Orion Nebula appeared as a 
fuzzy region and we could also locate 
some of the brightest members of the 
Trapezium star cluster at its centre. 
Tuming our attention to the Pleiades 
and Hyades star clusters, we found 
that these binoculars made for crisp, 
clear viewing, especially when it came 
to resolving some double stars. 

Complete with a stabilising bar, the 
binoculars weigh in at 2.3 kilograms 
(five pounds) - far too heavy for steady 
viewing without a tripod. The rubber 
exterior also makes them all of the 
more easy to grip. @ 


www.spaceanswers.com 


Must-have eater fe apa ti oe 
experienced astronomers alike 


2 Book 

Moon Hoax 
Cost: £16 / $26 
From: www.moonhoaxbook.com 
“That's one small step for man, one 
giant leap for mankind,” declared Neil 
Armstrong back in 1969. However, 
as author Paul Gillebaard tells us 
in his book Moon Hoax, conspiracy 
theorists believe that this historic day 
was forged. What if historical records 
were changed to reveal Apollo 11 as a 
mission that never happened? 

That's exactly what Gillebaard plays 
out in his work of fiction where China 
is a dominant country, characterised 
with an unparalleled power that 
threatens to paint the Moon landings 
as a hoax. They have proof that the 
historical facts surrounding Apollo 11 
are false. China is intent on staking a 
claim on the Moon, gaining space and 


world supremacy status in the process. 


| ea co) ra len betear-laMey eter lsabatcm corlen 
Gillebaard’s book is well-executed, 
intelligent and detailed. @ 


3 Gloves 

MC) 
Cost: £25 (approx. $42) 
From: www.astrogloves.net 
Every astronomer should own a pair 
of Astrogloves to keep their hands 
warm. The semi-fingerless design 
enables thumb and fingertip control 
to change eyepieces, focus your 
telescope, tighten clamps and turn 
pages of your night sky guide without 
having to take the gloves off. 

Made of durable neoprene material 
and double-layered spandex backs 
for flexibility, the gloves offer an 
incredible amount of warmth without 
the need to cut your observing session 
short and head inside early in the 
colder conditions. 

At such a reasonable price and with 
materials that promise to last for many 
years to come, these gloves really are 
a bargain. Ticking all of the boxes for 
comfort and practicality, we could 
certainly tell that they were designed 
by astronomers, for astronomers. @ 
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Cost: £450 (USA available soon) 
From: www.alexanderleathers.com 
Travel back to the days of the NASA 
astronauts and test pilots with this 
re-created Apollo-era flight jacket. 

Featuring a Scovill zip, NASA patch, 
light-blue outer shell of the highest 
quality cotton and fiery orange rayon 
lining, its manufacturing collaborators 
Still the Right Stuff and Alexander 
Leathers, have kept the spirit of 
NASA's golden age alive without 
scrimping on accuracy and high- 
abe Vii atmeereincier lin 

At £450 this garment is a luxury 
purchase even for the discerning 
space fan. However, given the 
meticulous attention to detail down to 
a single stitch, bespoke tailoring and 
care involved in getting this museum- 
quality replica as close to the real deal 
as possible, we think collectors and 
those in the know will love it. ® 
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TELESCOPE 


We've got a fantastic Space Eye 70 
telescope up for grabs this issue 


Supplied by the excellent folks over at Astronomia (www.astronomia. 
co.uk), we've got a Vixen Space Eye 70 refractor telescope worth £129 for 
you to win in our latest competition. 

This starter telescope will give amazing views of the Moon, planets : ; 
and stars, revealing details well beyond what you'd expect from such a * oe 
lightweight device. X 


To enter, all you have to do is answer this question: 


Q: Which constellation is also known as ‘The Hunter’? 
A: Ursa Major B: Orion C: Cygnus : 





Planet Earth Education HU (e)ilelvere(Sicey Siiilitye 


One of the UK’s most popular 


sna leasectciig nee ae The Nest Carbon Fiber Gimbal Head 
of astronomy distance learning is the must-have tool for the Astronomers, 
BOurses -Sleese ona’ wildlife or sport photographer. If you require 
separate astronomy courses, . ; ‘ 

sable respite Gomiier fast, smooth tracking and quick changing of 
right through to first-year camera positions, this head can easily manage 


university standard, including lenses up to 600mm and 15kg. 


GCSE Astronomy. A certificate is 


issued for each completed course. 
You will find a complete syllabus 
for each of the courses available, 
along with other details about 
each course, and the necessary 
enrolment information on our 
website. There is a ‘Student 
Feedback’ link where you can 
view some of the unsolicited 
comments we have received from 
past students. We pride ourselves on being accessible and flexible and 
offer very attractively priced services, of the highest standards, and we 
work hard to provide you with what you want. Of paramount importance 
to us is the one-to-one contact students have with their tutor, who is easily 
accessible even outside of office hours. Planet Earth Education’s popularity 
has been growing over many years with various home educators who have 
used our courses in the education of their own children, many obtaining 
the GCSE Astronomy qualification, a recognised science qualification. 
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ah Teele co.uk 
el: (+44) 0845 287 0710 


(Local rate call from land lines) 


@ 0161 653 9092 www.planeteartheducation.co.uk 





To Advertise In 


Contact Jimmy on 


01202 586436 


james.mcmorrow@imagine-publishing.co.uk 


CELESTRON 
Nexstar SE 


Featuring high quality Cassegrain optics, the 
NexStar SE range is ideal for observing and 
photographing the wonders of space. The 
portable SE's feature precision optical systems 
and have all the same features as Celestron’s 
most advanced computerised GoTo telescopes, 
including the revolutionary SkyAlign™ alignment 
technology, a sky tour feature, a database of 
nearly 40,000 celestial objects and easy to use 
hand control. 


Nexstar 4se £ 405 
Nexstar 5se £ 610 
Nexstar 6se £ 760 
Nexstar 8se £1140 


These prices are only available while 
stocks last...! 


Please or to our website for 
more competitive prices on scopes 
from the world's leading manufacturers. 


wWw.sherwoods-photo.com 


North Court, Greenhill Farm, Morton Bagot 
Warwickshire B80 7EL 
Tel. 01527-857500 Fax 01527-857501 
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Model Rocketry Game, App & Web Design | 


Tech Camp London July/August 2014: Ages 9-17 
1-Week Day Camps, Central London Venue 


Tech Camp UK August 2014: Ages 9-17 
1-Week Residential or Day Camps, Hampshire Campus 


Tech Weekends Throughout 2014 
Themed Technology & IT Weekends, Berkshire 


For further info go to: www.techcamp.org.uk 
or phone: 075 1219 1019 
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YOUR ONE STOP SHOP FOR OPTICAL GOODS 


+ Telescopes & telescope mounts for beginners, 
experienced amateurs & professionals 

+ CCD & DSLR cameras, astrophoto accessories & 
mobile tracking mounts for enthusiasts and scientists 

+ Binoculars, spotting scopes & tridods for nature 
observers 

+ Microscopes for students, science labs & amateur 
naturalists 
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Robert Goddard 


The man who overcame ridicule to 
launch the age of space exploration 


In 1914 a man was granted two 
patents, one for liquid-fuelled rockets 
and another for multi-stage rockets. 
The patents went unnoticed, but they 
signified the beginning of the era of 
modern rocketry and were granted to 
Robert Hutchings Goddard. Though 
he designed, built and developed the 
first rockets from which our modern 
marvels are derived, Goddard led 

a troubled life as he battled with 
criticism and poor health. 

Born on 5 October 1882, from an 
early age Goddard became fascinated 
by science. An epiphany of sorts came 
for him at the age of 17 when, perched 
atop a cherry tree, he “imagined how 
wonderful it would be to make some 
device that had even the possibility of 
ascending to Mars", as he recalled. 

In 1907 he had his first taste of 
rocketry when he attempted to propel 
a small rocket with gunpowder and 
in 1909 began his graduate studies at 
Clark University in Worcester, before 
accepting a research fellowship at 
Princeton University's Palmer Physical 
Laboratory in 1912. 

In the years preceding Princeton, 
however, Goddard had already begun 
writing his theories on space travel. 
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Unfortunately, he did not find much 
support for his ideas and in 1913 he 
was also struck with a severe bout of 
tuberculosis. Undeterred, he pushed 
ahead on the mathematics of rocket 
travel, all while keeping his true 
intentions of developing a vehicle for 
Space exploration a secret, as he was 
met with criticism from those who 
believed such things were impossible. 

By 1914, as mentioned, he had 
registered his first two landmark 
patents, one on liquid-fuelled rockets 
and the other on multi-stage rockets. 
The following year he began to 
theorise that rockets would work in a 
vacuum, enabling space travel, but still 
his ideas garnered little attention. 

In fact, when Goddard published his 
astonishing paper in 1919, ‘A Method 
of Reaching Extreme Altitudes’, he was 
derided in the press for his suggestion 
that rockets could be used to take 
payloads to the Moon. “Of course he 
only seems to lack the knowledge 
ladled out daily in high schools,” read 
an editorial in the New York Times. 

50 years later, when Apollo 11 was 
on its way to the Moon on 17 July 
1969, propelled by the very rocket 
technology Goddard had pioneered, 


Dr. Goddard is 
often regarded 
as the father of 

modern rocketry 





the paper would print a rather 
embarrassing retraction. 

The public backlash Goddard 
experienced caused him to become 
increasingly reclusive. He became very 
apprehensive with regards to sharing 
his work and would often work 
alone in order to avoid confrontation 
or argument. In 1926, despite his 
seclusion, he launched the world's first 
liquid-fuelled rocket using gasoline 
and liquid oxygen as propellant. 
Although it rose to just 12.5 metres (41 
feet), it was an important moment in 
rocket history. 

Goddard would continue to develop 
and perfect his designs throughout 
the 1930s, when he began to receive 
significantly more support for his 
ideas. He kept working until his 
death on 10 August 1945, after which 
his wife Esther Kisk posthumously 
registered over a hundred of his 
patents that had gone unpublished. 

Despite his limited support, 
Goddard's work remains arguably the 
most significant contribution to space 
travel. Perhaps sombrely, it was only 
after his death that the USA and Soviet 
Union began to truly toy with the idea 
of rocket travel and, ultimately, send 
humans into space and to the Moon. 
A man perhaps ahead of his time, the 
legacy of Robert Goddard will remain 
as long as rockets are sent into space, 
while one of NASA's major space 
science laboratories, the Goddard 
Space Flight Center, ensures his work 
will not be forgotten. @ 
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Make Sense of 
Black Holes 


Black holes. They are one of the most exotic, mind-boggling, 

and profound subjects in astrophysics. Not only are they at the 
heart of some of the most intriguing phenomena in the cosmos, 
they're the gateway to fundamental and cutting-edge concepts like 
general relativity and wormholes. 


Nearly everyone has heard of black holes, but few people outside 
of complex scientific fields understand their true nature and their 
implications for our universe. Black Holes Explained finally 
makes this awe-inspiring cosmological subject accessible, with 12 
lavishly illustrated lectures delivered by distinguished astronomer 
and award-winning professor Alex Filippenko. As he presents the 
actual science behind these amazing objects, you’ll make sense of 
Einstein rings, photon spheres, event horizons, and other concepts 
central to the study of black holes. Like its subject matter, this 
course is intriguing, eye-opening, and essential to your knowledge 
of how the universe works. 


Offer expires 05/05/14 
0800 298 9796 


WWW.THEGREATCOURSES.CO.UK/6ABS 





LECTURE TITLES 


1. A General Introduction to Black Holes 

2. The Violent Deaths of Massive Stars 

3. Gamma-Ray Bursts—The Birth of Black Holes 
4. Searching for Stellar-Mass Black Holes 

5. Monster of the Milky Way and Other Galaxies 
6. Quasars—Feasting Supermassive Black Holes 
7. Gravitational Waves—Ripples in Space-Time 
8. The Wildest Ride in the Universe 

9. Shortcuts through the Universe and Beyond? 
10. Stephen Hawking and Black Hole Evaporation 
11. Black Holes and the Holographic Universe 

12. Black Holes and the Large Hadron Collider 


Black Holes Explained 


Course no. 1841 | 12 lectures (30 minutes/lecture) 


SAVE £18 


DVD £29:99 


+£2.99 Postage and Packing 
Priority Code: 96472 


For 24 years, The Great Courses has brought the world’s foremost 
educators to millions who want to go deeper into the subjects that 
matter most. No exams. No homework. Just a world of knowledge 
available anytime, anywhere. Download or stream to your laptop 
or PC, or use our free mobile apps for iPad, iPhone, or Android. 
Nearly 500 courses available at www.thegreatcourses.co.uk. 


The Great Courses®, Unit A, Sovereign Business Park, 
Brenda Road, Hartlepool, TS25 1NN. Terms and conditions 
apply. See www.thegreatcourses.co.uk for details. 
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StarSense 
TECHNOLOGY 


Automatically align 
your Celestron 

telescope with our 
StarSense Accessory! 


The revolutionary technology in 
the award-winning SkyProdigy 
telescope Is now available for 
almost every Celestron 
computerised telescope. 





Align and control your 
Celestron telescope 
wirelessly using your 
iPhone or iPad! 
Celestron’s innovative new SkyQ Link WiFi Module turns 


your iPhone or iPad into your own personal planetarium 
and observatory! 


SkyQ Link 
WiFi Module 








Available on the 
a App Store 





STOCKIST F1 Telescopes Green Witch (South) 
\CELESTRON’ Sittingbourne Bedfordshire 
- SUPERCENTRES 01795 432702 01767677025 
Astronomia Green Witch (North) Widescreen Centre 
Dorking West Yorkshire Central London 
01306 640714 01924 477719 020 7935 2580 


and specialist dealers nationwide 


WWW.celestron.uK.com 


Celestron®, SkyQ™ and StarSense™ are trademarks or registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. 
All rights reserved. David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 
AppStore is a trademark of Apple Inc. 








